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SOCIETY OF FORESTERS OF GREAT BRITAIN 


THIS SOCIETY was formed at Aberdeen in 1925 and adopted its first Constitusial 
at Oxford in 1926. This has been modified several times and the present Constitus ” 
tion became operative from 25th September 1958. ; 

The object of the Society is to advance and spread in Great Britain the know. 
ledge of technical forestry i in all its aspects. It is intended that the Society 
should be representative of the profession. Those not engaged i in the practice 
of forestry or the allied sciences are cordially invited to join as Ordinary Members, 


The activities include the publication of the journal, the holding of meetings, 
conferences, and excursions, and the awarding of a medal. 


THE SOCIETY'S JOURNAL, called Forestry, is published twice a year, in May 
and November. It provides a means for the publication of the results of prac: 
tice and research both in the growing of timber and in its utilization, including 
such basic sciences as forest physiology and ecology, forest soils, wood structure,” 
and timber physics, and allied sciences such as forest entomology and forest” 
mycology. 


CONTRIBUTIONS may be accepted from members and others resident either in 
Great Britain or abroad. They should be sent to R. W. V. Palmer, Banner 
leigh, Leigh Woods, Bristol. No article should be submitted which is being 
offered to any other journal for prior or simultaneous publication. Plates, figures, 
and tables should be used sparingly and their proportions designed to suit page 
dimensions, preferably, but not necessarily, for upright reading. Figures should 
be drawn large in black ink, preferably on Bristol board, and so as to allow ap- 
preciable reduction to page width without loss of clarity in the smaller details. 
Marginal lettering is best inserted in pencil. If graph coordinates are to be 
reproduced, graph paper with blue lines must be avoided. References to literature” 
should be collected at the end of the paper, and arranged alphabetically according” 
to author’s name, and year published. In the text each reference should be ins” 
dicated by name, with year in brackets. Each article should begin with a summary” 
which should be factual and convey briefly the content of the article and draw_ 
atcention to all new information and to the main conclusions. It should be 
concise and should not normally exceed 200 words. It is understood that the” 
author waives any copyright or translation rights in such summaries and that 
their reproduction in other publications will be permitted, subject to the so 
being duly acknowledged. Twenty reprints of the article will be sent free to cach | 
contributor and a reasonable number may be purchased by the contributor 
ordered when the proofs are returned. The Society as a body takes no responsi 
bility for the views expressed by contributors. . 


Forestry is sent free to members of the Society; others may register as sub= 
scribers by application to the Secretary, The Society of Foresters of Great 
Britain, 7 Albyn Place, Edinburgh, 2. 


SOCIETY'S MEDAL. This may beawarded by the Society to any individual who hagy 
rendered eminent services to British forestry. Proposals ‘or the award have to) 
be made in the first instance to the Cound¢il by a Member af the Council. q 
regulations for the award will be found in Vol. xx, pp. 80, 81, and in Rule 11. 7 
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TWO-STORIED HIGH FOREST 
By W. E. HILEY 


SUMMARY 

The system has been adopted at Dartington with Japanese larch (Larix leptolepis), and it has 
been suggested that it works there because Japanese larch grows fast. It is argued in this paper, 
however, that the system is best adapted to rather slowly growing trees, and the reason for its 
use with Japanese larch is that this species is characterized by a rapid height growth but a small 
current annual increment, so that, unless the trees are isolated, they make extremely narrow 
annual rings. With Douglas fir (Pseudotsuga taxifolia) and Sitka spruce (Picea sitchensis) the 
annual rings might become too broad if this treatment were applied, except at a rather ad- 
vanced age. Nevertheless, the system has certain other advantages and, to attain these, it may 
be useful to adopt it more extensively, even if the annual rings become broader than we like. 


r his account in Forestry, xxxii. 1, of the Society’s visit to the Dartington 
woods in September 1958, Mr. Palmer describes sub-compartment XVI c at 
Clifford, in which fast-growing Japanese larch has been reduced to 50 trees to the 
| acre at 25 years and underplanted. He discusses its merits and suggests that the 
method might well be adopted elsewhere ‘where growth is comparable’, by which 
he evidently means ‘where growth is rapid’. I do not wish to question his judge- 
ment in this matter, especially as his comments are very kind; but I had come to 
regard two-storied high forest as a device which should be applied more particu- 
larly to slowly growing trees and I wondered whether I had sufficient justification 
for this view. This paper is an attempt to answer this question. 

I must first state two principles on which we work at Dartington since, although 
they have been expressed previously, they are not yet generally accepted. 

The first principle is about the quantitative aspect of thinning. In relation to 
this aspect, a thinning is good only if (a) it is likely to produce trees of the ring 
width pattern which is desired, and (5) this ring width pattern is itself desirable. 
Most of our common species will tolerate a wide range of density; i.e. they will 
remain healthy and put on much the same total growth whether they are thinned 
lightly or heavily. So the rightness of a thinning régime depends on the kind of 
tree you are trying to grow and, unless you know what kind of tree you are trying 
to grow, it is almost meaningless to say that a thinning is quantitatively correct. 

The second principle is that in general it is much more expensive per cubic foot 
to grow trees with narrow annual rings than with broad annual rings. This is 
because a tree of any desired diameter takes longer to mature if it has narrow 
annual rings. The rotation can thus be shorter with heavy thinning and, although 
the total volume per acre will be less with a short rotation than a long one, it will 
generally be found that the cost is reduced far more than the volume. How broad 
the rings should be depends on the extent to which their breadth affects the 
quality of a tree, and consequently its price. We do not think that at any given 
age the ring width greatly affects the strength of wood, but it may have an 
important influence on its working properties. 

$355.2 I 
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Since larches are seldom used for joinery it seems reasonable to grow them 
rather fast and we judge that 6 rings to the inch is not unreasonable. But tp 
maintain 6 rings to the inch requires rather heavy thinning while the trees ar 
small and very heavy thinning later. If the trees are to reach a size of 14 inch 
breast height quarter girth at this rate of growth, it seems necessary to isolate 
them; and, if we do this, it may allow a better use of the land if we isolate them 
rather early and underplant them. This led to various other considerations which 
will be dealt with later. 

Description of the sub-compartment. The treatment of this plantation was de. 
scribed in the Quarterly Fournal of Forestry in 1956 and only a brief account js 
required here. It was planted in Forest Year 30 and had been thinned four time 
before it was very heavily thinned in F.Y. 55, i.e. when it was 25 years old. In 
preparation for this thinning the 50 trees per acre which we intended to keep 
were marked a year in advance, and a preliminary thinning was carried out with 
a view to helping these trees and making them more windfirm. In these 2 year 
we removed rather more than 1,200 hoppus feet over bark per acre, and the 
remaining trees on a sample plot of 1 acre measured 474 h. ft. o.b. Most of the 
area has been underplanted with western hemlock (Tsuga heterophylla), but we 
have also tried Douglas fir and thuya (Thuya plicata). The remaining 50 trees 
per acre were pruned to about 30 feet. 

We have a ready sale for larch thinnings up to about 8 in. b.h.q.g., but for 
larger trees there is little demand until they reach a size which is required by 
sawmills. So by this treatment we avoid the production of trees of an unprofitable 
size. Since the heavy thinning the trees have been growing at a rate of about 
6 rings to the inch and, if this rate is continued, they will have a b.h.q.g. of 
14 inches at 50 years, when it is presumed they might be felled. 

It was calculated that if establishment and maintenance had been charged at 
their current costs (i.e. if the value of money had remained constant), the planta- 
tion might have earned compound interest at a rate of 6-1 per cent. if it had been 
clear felled at 25 years. If, on the other hand, the remaining trees grow at the 
presumed speed and are worth 3s. per hoppus foot at 50 years, they will have 
earned about 6-7 per cent. on their value at 25 years. If this result is achieved it 
will justify the retention of these trees. 

Which species require this treatment? There is a special reason why Japanese 
larch calls for this treatment. Its current annual increment, which is never high, 
culminates very early and falls off rather rapidly. At 50 years, even in quality 
class I, it is only 144 hoppus feet, which is much lower than in the first quality 
class of any other species in the Yield Tables except European larch (Larix 
decidua). But at this age the top height is go feet, which is higher than that of the 
first quality class of any other species except Sitka spruce and Douglas fir. This 
combination of great height with a low C.A.I. results in the trees putting on very 
narrow annual rings unless they have been thinned very heavily indeed. In other 
words, the crown proportion must be very high if a reasonable girth increment is 
to be maintained. 

Most of the Japanese larch at Dartington belongs to quality class I and, though 
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we thin it much more heavily than the British Yield Tables, we do not find that 
the b.h.q.g. of the 100 largest trees increases, up to the age of 25 years, more 
quickly than it does in the Yield Tables. This is because the selection for quality 
during each thinning is very severe and we take out many of the larger trees. 
At 25 years the mean b.h.q.g. of the 100 largest trees is usually about 7} inches— 
the same figure as in the B.Y.T.—and we then find that a crown proportion of 
about 50 per cent. is necessary to enable the trees to grow at a rate of 6 rings to 
the inch. But at this age the C.A.I. of a plantation is falling rather rapidly from 
year to year, so a still higher crown proportion becomes necessary as the trees 
become larger, and this can be secured by isolating the trees. 

With the lower quality classes of Japanese larch, and with all quality classes of 
European larch this difficulty is even more pronounced. With these slower- 
growing trees it may not be desirable, or even possible, to maintain a diameter 
growth as rapid as 6 rings to the inch; but even 8 rings to the inch would require 
very drastic thinning and the maintenance of a very high crown proportion. This 
may demand such heavy thinning that the trees are isolated and, in that case, 
underplanting, which gives rise to two-storied high forest, seems to be the most 
rational treatment. 

With very fast-growing trees, on the other hand, such as the higher quality 
classes of Sitka spruce and Douglas fir, it is quite easy to maintain rapid diameter 
growth without thinning so heavily that the canopy is permanently broken. 
Indeed, one has to be careful not to let these trees grow too fast. It- might be 
desirable, however, to isolate them in later life if we want to grow very large trees 
and are prepared to lengthen the rotation accordingly. 

With the lower quality classes, on the other hand, it may be wise to adopt the 
system of two-storied high forest, since with these slower growing trees the C.A.I. 
is lower. 

Scots pine (Pinus sylvestris) will serve as an example of a less vigorous tree- 
Calculations suggest that quality class I of this species can reach a mean b.h.q.g. 
of 14 inches at 60 years, but in order to achieve this the number of trees has to 
be reduced to about go per acre. If reasonably heavy thinning has been practised 
in the early years (e.g. 700 stems per acre at 21 years in place of 925 in the B.Y.T.), 
go trees at 60 years can give an almost complete canopy. Here again it is with the 
lower quality classes that isolation and underplanting are more likely to be 
beneficial, though on very poor soils it may be difficult to find suitable species 
for underplanting. 

Other reasons for adopting two-storied high forest. The purposes which are served 
by adopting two-storied high forest as a silvicultural system may be classified as 
follows. 

(2) It enables trees to maintain a desirable annual ring width until they are 
mature and, for this reason, it cheapens the growing of timber trees. This 
purpose has already been discussed. 

(6) In a forest which has an excess of young age classes it enables normality to 
be attained more quickly. The upper story matures at an early age and 
provides a final crop sooner than is possible in a single-storied plantation. 
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And the lower story helps to fill the gap which may otherwise be caused by 
not having any land to plant. Thus it assists in the attainment of normality 
at both ends. 

(c) It is particularly useful where, as at Dartington, it is difficult to sell thin- 
nings which are too large for pitprops but are small for the saw-bench, 
Thus unremunerative thinnings may be entirely avoided. 

(d) It enables the increment to be put on the very best trees, since selection 
can be very severe; and these few trees can be pruned remuneratively toa 
great height. Since they grow rapidly in girth, the cost of pruning bears 
compound interest for only a short time. 

(e) Although the ground is exposed more than usual when the upper story is 
reduced to 50 or so per acre, it is soon covered by the developing lower 
story. So when the upper story is maturing there is less likelihood of a 
weedy floor. This may be particularly helpful where harmful weeds, such 
as some grasses or whortleberry, are anticipated. 

Some of these benefits, especially (d) and (e), are shared with the selection 
system ; and, if it is true that production per acre is higher in a selection forest 
than in even-aged plantations, it is likely that this benefit as well will be attained 
in two-storied high forest. Personally, with the limited experience I have so far 
had, I prefer this system to the selection system because it is easier to manage 
and is better attuned to piecework, a method of paying wages which has many 
advantages. 

The main disadvantages of the system are (a) that it requires more labour, and 
(b) that we know very little about it; we may make many mistakes before we get 
it right. 

In the earlier part of this paper I have maintained that the system is mainly 
applicable to rather slowly growing trees, since purpose (a) is best served with 
such trees. But, in order to secure the advantages listed in (4) to (¢) above, it may 
prove to be worth while with trees which do not grow so slowly. For me this is an 
open question. But one has to be careful not to allow the annual rings of a tree to 
become too broad, and this is a real danger with the higher quality classes of our 
more rapid timber producers. 
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FOREST FIRE DANGER TABLES FOR 
SOUTHERN ENGLAND 


By G. D. ROUSE 


(Forestry Commission) 


SUMMARY 
The influence of rainfall, temperature, relative humidity, wind force and season of the year 
is discussed shortly in relation to the origin and initial spread of forest fires and a method of 
assessing the degree of fire danger is given by reference to five simple tables. 


INTRODUCTION 
OR a forest fire to occur three conditions must exist; (i) there must be an 
adequate supply of fuel, (ii) there must be a source of flame, and (iii) the 
weather must be such that the fuel will burn and maintain combustion. 

The forester knows those parts of his woodlands with the most potential fuel 
and they only change slowly over the years but over a proportion of his young 
plantations the combustibility of the fuel may change with the seasons as fresh 
green vegetation dies and dries. He will also know where a fire is most likely to 
start, for example near a railway, against which certain protective measures may 
be taken in advance, or in those parts most frequented by picnickers or other 
members of the public liable to throw down lighted matches or cigarette ends. 

For all extensive well-managed woodlands there is a Fire Plan, based on the 
combined risk and hazard involved, which may prescribe the action to be taken 
as the degree of fire danger increases. The responsibility for the assessment of this 
danger usually falls upon the resident forester or woodman who has little to guide 
him except his experience. The safety of large stretches of woodland rests upon 
his assessment. If too low, there may be losses by fire; if too high, there will be 
waste of money better spent on productive work. 

In many parts of the Commonwealth and in the U.S.A. forest fire danger tables 
are in common use but it is doubtful if any of these is directly applicable to condi- 
tions in the British Isles. Experience in the south-west of England has shown that 
fire danger tables can be of assistance to foresters and a set of five tables which 
has been evolved after extensive trials in the south-west since February 1958 is 
given below. The principles governing the compilation of these tables are outlined 
and discussed briefly. 


ORIGINS OF FIRES 

Almost all forest fires start from very small beginnings; a match, a cigarette end 
or a spark blown from a steam locomotive. These brands which start the fires 
themselves contain only a limited amount of fuel and can therefore only generate 
a limited amount of heat. 
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If a fire is to start, a brand must fall close to a potential fuel and its heat must 
evaporate the surplus moisture from the fuel and raise its temperature to ignition 
point. Similarly, if the fire is to spread, the fuel ignited by the brand must 
generate enough heat to ignite other potential fuels in its immediate vicinity. For 
these reasons forest fires almost invariably start on the ground in dry grass, peat, 
leaf litter or dry leaves, and the fire will spread in these until it has consumed al] 
the available fuel of this nature or until it has built up enough heat to ignite 
larger more widely spaced material such as twigs of lop and top or sprigs of heather 
or gorse. 

The five main factors which influence the start of forest fires are (i) rainfall; 
(ii) temperature; (iii) relative humidity; (iv) wind velocity; (v) season; and these 
are considered below. 


RAINFALL 


As explained in the previous paragraph the most important fuels in the start 
and spread of a forest fire are those lying on or suspended close to the forest floor. 

Green, fresh-felled timber contains about 100 per cent. of its own dry weight in 
moisture in which state it will not burn, but seasoning in normal atmospheric 
conditions will bring the moisture content down to about 20 per cent. and in this 
state small twigs are relatively easily kindled. During exceptionally dry periods 
the moisture content may be reduced still further to about 15 per cent., but it 
will rapidly revert to 20 per cent. or slightly more as the atmosphere becomes 
damper. 

The same consideration applies to all other potential fuels, such as the annual 
growth cut down in weeding operations or the coppice growth cut in cleaning; 
but, whereas it will take big timber a full year to dry out to 20 per cent. moisture 
content, coppice growth will do so in a few weeks and grass and bracken in a few 
days. 

All of these fuels can however rapidly reabsorb moisture to an extent which in 
combination with a thin film of condensation or light precipitation will render 
them temporarily incombustible. 

The basic amount of moisture present in the forest fuels is allowed for in deter- 
mining the Basic Danger Rating in Table I. This table is compiled on the assump- 
tion that a fall of 0-25 inches of rain within 24 hours will make the forest safe for 
the ensuing 24 hours, with the exception that the first such fall after a long period 
of complete drought in a hot summer will not give complete immunity. 


TEMPERATURE 


Surplus moisture must be evaporated and the temperature of the fuel raised to 
its ignition point before it will burn. The fuel and its associated moisture will be 
at approximately the same temperature as the surrounding air, and the higher the 
initial temperature the less will be the amount of heat required to evaporate a 
given quantity of moisture and to ignite a given fuel. 

In threshold conditions of moisture it is conceivable that a brand of limited size 
would generate insufficient heat to ignite a given fuel when its initial temperature 
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is, say, 45° F., but in otherwise similar conditions might ignite it when its initial 
temperature is 75°F. Certainly the probability that combustion will ensue 
becomes greater as initial temperatures increase. 


Taste I. Basic Danger Rating 











Rainfall recorded on current day (in inches) 
Previous day’s 0 o-or 0°06 O-Ir 0-16 o-2r 
basic danger or to to to to to Over 

rating trace 0:05 0-10 ors 0°20 0°25 0°25 
(1) (2) (3) (4) (5) (6) (7) (8) 
° 30 25 20 10 5 ° ° 

5 35 30 25 15 5 ° ° 

10 40 ss FF «69 15 5 ° ° 
15 40 35 30 20 10 ° ° 
20 45 40 35 25 10 ° ° 
25 45 40 35 25 15 5 ° 
30 5° 45 40 30 15 5 ° 
35 §° 45 40 35 15 5 ° 
40 55 5° 45 35 ad 5 ° 
45 55 5° 45 40 20 5 ° 
50 60 55 5° 40 25 10 ° 
55 65 60 55 45 25 10 ° 
60 70 65 60 5° 30 10 ° 
65 75 70 65 5° 30 10 ° 
70 80 75 70 55 35 15 ° 
75 85 80 75 60 35 15 ° 
80 go 85 75 60 40 15 ° 
85 95 go 80 65 40 20 ° 
go 95 95 85 70 45 20 5 
95 100 100 go 70 5° 25 15 
100 100 100 95 75 55 30 25 


























Note. Col. 8 is applicable only in the Holiday Summer Season. 


It is by no means easy to determine the temperature of combustible material 
on the forest floor. It will take some considerable time for the moisture held in the 
pith of a dead twig to follow the temperature fluctuations of the surrounding air 
and it has therefore been assumed that the temperature of the most probable 
forest fuels will bear some relationship to the mean maximum shade temperature 
for the previous 5 days. As already explained, the fuel on the forest floor, moistened 
by rain, is dried by the atmosphere. The processes involved are extremely complex 
but are intimately connected with temperature. For instance, the space occupied 
by a quantity of dry air which at a temperature of 40° F. could take up a given 
weight of water could take up twice that weight of water at about 60° F., three 
times as much at 72° F. and four times as much at 81° F. The temperatures 
reached daily since the last heavy fall of rain are therefore of particular signifi- 
cance in indicating the amount of drying which may have taken place on the 
forest floor. 
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whichever period is the less.* 
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The Basic Danger Rating is therefore corrected for temperature in Table I], 
For the purposes of this table the mean Daily Maximum Temperature is taken 
to be the mean for the past § days or for the period since 0-25 inches of rain fell, 


Taste II. Corrected Basic Danger Rating 











Current day's Mean daily maximum temperature (°F.) 
basic danger Under 
rating 60° 60°-64° | 65°-69° | 70°-74° | 75°-79° | 80°+ 

° 1°] ° ° ° ° ° 

5 5 5 5 5 5 5 

10 10 Io Io 10 Io Io 
15 15 15 15 15 20 20 
20 20 20 20 25 25 25 
25 25 25 25 30 30 30 
30 30 30 35 35 35 35 
35 35 35 4° 40 4° 45 
4° 4° 4° 45 45 5° 5° 
45 45 45 5° 5° 55 55 
5° 5° 55 55 55 60 60 
55 55 60 60 65 65 7° 
60 60 65 65 7° 79 75 
65 65 70 70 75 80 80 
7° 7° 75 75 80 85 go 
75 75 80 80 85 ge 95 
80 80 85 go go 95 100 
85 85 go 95 100 100 105 
go go 95 100 105 110 115 
95 95 100 105 110 115 120 
100 100 105 110 115 120 125 























RELATIVE HUMIDITY 





Dry air can take up a given amount of moisture depending upon temperature, 
the actual amount that can be taken up increasing as the temperature increases; 
but the natural atmosphere is never dry and the greater its initial moisture con- 
tent the less moisture can it take up additionally and the less will be its drying 
effect upon the forest floor. 

The relative humidity may fluctuate considerably throughout the day; as still 
air warms up during the morning its capacity to absorb moisture increases and, 
as soon as any surplus moisture in the form of mist and dew has been evaporated, 
the relative humidity falls and drying begins. On a still sunny day this process 
reaches a peak at about 3 p.m., after which time the reverse process sets in and the 


* It is interesting to note that since the mean of 5 days was accepted for compiling Table II, 
support for this has been noticed in an article by Deichmann in Forst und Holzwirt for 14th April 
1958 who quotes Geiger as having shown that the temperature (and other meteorological condi- 
tions) for 5 days prior to the day under consideration is significant in assessing the inflammability 
of the ground vegetation. 
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relative humidity rises. If during the evening the temperature falls to such an 
extent that the moisture in the atmosphere reaches saturation point the dew- 
point will have been reached and any further fall may result in the formation of 
ground-mist or the deposition of dew. This is of importance to the forester 
because, in a period of still, settled weather, it ensures for him a fire-free period 
in the morning when routine inspections away from the telephone may safely be 
undertaken before the mist and dew evaporate. 

Although the full theoretical reasons are by no means clear, it is common 
experience that forest fires will not start from a small brand under conditions of 
high relative humidity. 


WIND 

When vegetation or lop and top is surrounded by still air only a strictly limited 
amount of air in the immediate vicinity of each damp object can absorb moisture’ 
from it, and once that air is saturated it can have no further drying effect. Even 
the lightest of winds can improve the drying process as it causes turbulence and 
mixing of the lowest layers of saturated air with the drier layers above. 

Once a fire has started the wind brings fresh supplies of oxygen to the place of 
combustion and greater heat is generated, though, with a given amount of fuel, 
for a shorter period of time. This increased heat may result in other fuel elements 
farther away from the original point of combustion being raised to the tempera- 
ture at which they will ignite than would have been the case had there been no 
wind, 

Winds therefore increase not only the rate of spread of fire but also the prob- 
ability of spread where fuels are sparse. 

Both relative humidity and wind are liable to considerable fluctuations during 
the day, and the forester who is concerned to take positive steps to protect his 
woodlands wishes to know what these will be during the ensuing afternoon. Local 
knowledge, aided by instrumental readings taken during the morning, may be 
adequate; but arrangements have been made with the Meteorological Office for 
local forecasts to be given, if requested by telephone at 9 a.m., and for weekend 
forecasts to be given if requested by telephone at 4 p.m. on Friday. (Is it a 
forlorn hope to press for the reinstitution of the valuable Airmet radio service ?) 

The forecast values of relative humidity and wind are combined in Table III 
to give the Diurnal Variable. 

Table IV then combines the Corrected Basic Danger Rating (from Table II) 
with the Diurnal Variable (from Table III) to give the final Fire Danger Rating 
Indéx. 


SEASON 

A very small proportion of the woodland fires occurring in this country actually 
starts on the typical forest floor; the great majority start on the railway or road- 
side, come in from moorland fires on adjoining property, or start in dry vegetation 
beside footpaths and on rides within the forest. 

Once canopy has been formed the composition of the forest floor within conifer 
plantations remains relatively unchanged throughout the year, but since the fires 
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The climate of the British Isles is notoriously unpredictable and it is impossible 
to state, within a period of two months, when winter will end and spring begin, 
or even to state whether there will be a summer at all. It is impossible, therefore, 
to give dates within which any seasons will fall and, for the purposes of fire protec- 
tion, the year is divided arbitrarily into four seasons, which may briefly be 
described as follows: 
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I. Spring. Any period between the beginning of January and the first week in 
May, during which periods of cold drying winds usually from an easterly quarter 
fluctuate with milder showery periods. 

II. High Summer. Sometime between early May and late July. Warm moist 
conditions bring on the new growth in full flush, and even short spells of hot dry 
weather are comparatively safe because of the green state of the vegetation. 

III. Holiday Summer. From the middle of July to the middle of September 
protracted periods of drought with high temperatures may develop in which the 
most acute fire danger may arise. This condition can most easily be recognized by 
the turning brown of short grass on lawns, pastures and south-facing grazed hill- 
sides. 

IV. Autumn and Winter. A period which may start at the beginning of 
September and extend to mid-March. The vegetation becomes green again and - 
even after the bracken has been turned brown by the first frosts the relative 
humidity is usually so high that no fire will spread. 

The seasons, as briefly defined above, can now be correlated with the Fire 
Danger Rating Index and the Degree of Fire Danger as shown in Table V. 


Tasre V. Degree of Fire Danger 











Season Fire danger rating index 
I. Spring (dry). ‘ -| o9 10-29 30-54 55-100 
II. High Summer (green) . . | O14 15-34 35-64 65-100 
III. Holiday Summer (dry) -| og 10-24 25-49 50-100 
IV. Autumn and Winter (moist) 0-19 20-39 40-69 70-100 
Degree of fire danger. . ‘ NIL Low MODERATE | HIGH 

















It cannot be too strongly emphasized that these tables are valueless unless there 
is already in existence a Fire Plan, approved by the owner or senior forest officer, 
which tells the forester clearly and concisely what action he is to take once he has 
determined the Degree of Fire Danger. 
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A NEW METHOD OF MEASURING TRACHEID LENGTH 


By J. L. LADELL 
(At the Imperial Forestry Institute, Oxford) 
SUMMARY 


The image of a tangential microscope section is projected on to a surface on which two 
parallel lines are drawn at a known distance apart and at right angles to the long axis of the 
tracheids. The number of cell tips occurring between the lines in a predetermined number of 
contiguous cells is counted. Values are then substituted in the following relationship: 


Number of cells x distance between lines 





Mean tracheid length = 
iinet. numbers of cell tips 


The method is faster than the usual maceration technique, but its greatest advantage is the 
accuracy with which samples can be located. 


Description of method. The method can be best described with reference to the 
diagram in Fig. 1. The image of a tangential section is projected on to a surface 
on which two lines are drawn at a known distance apart, as in the diagram. It will 
be seen that each of a group of cells crossing the upper line is numbered (1-10). 
In two of these (1 and 8) the cell terminates before reaching the lower line. 
There are thus 2 cell tips in a total cell ‘run’ of 10x0-5 mm. The cell ‘run’ 
divided by the number of tips gives the mean cell length, in this case 2-5 mm. 

Cells 1 and 1d are associated with the same division in the cell ‘run’, represented 
by the broken line. It is the number of such divisions that determines mean 
length and therefore only one tip is counted. Similarly all the tips marked ‘X’ are 
ignored. The underlying assumption is that by the laws of chance the tip of each 
cell crossing the upper line has its complement in one crossing the lower line; 
cells 8 and 6b form such a pair. The decision to trace cells downwards in the 
example was purely arbitrary. If the cells were traced upwards only those tips 
marked ‘X’ would have been counted. The lines must be closer together than the 
shortest cell expected. 

Statistical considerations. The occurrence of a cell tip between the lines can be 
regarded as an ‘event’ governed by an over-all probability associated with the 
mean cell length. Thus in applying the ‘cell tip method’ one is sampling from a 
population (of cell tips) that is distributed binomially. The number of cell tips 
leads to an estimate of the mean cell length, but it must be stressed that no 
information is yielded on the distribution of lengths about the mean. It was 
found during early trials of the method that when isolated cells were sampled at 
random over the face of a section the expected binomial distribution was present. 
But when contiguous cells were sampled it was not. The distributions obtained in 
the latter case indicated a negative correlation between adjacent cells, i.e. the 
absence of a tip in one cell increased the probability that a tip would be present 
in the adjacent cell. 

The immediate relevance of the foregoing lies in the fact that while error limits 
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for the mean of a simple binomial distribution can be quickly calculated and from 
them the requisite sample size inferred, no such information can be derived from 
samples of contiguous cells, as the exact nature of the factors modifying the basic 
binomial distribution is unknown. To do otherwise than sample contiguous 
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Fic. 1. Diagram of a projected image, ready for cell tip count. 


cells would be to negate one of the principai advantages of the method, that of 
speed. However as the correlation between adjacent cells is negative, the spread 
of values obtained from successive samples of contiguous cells is less than would 
obtain were a simple binomial distribution present. Therefore it would be safe to 
assume that such a distribution is present and sample accordingly. Samples of 
500 cells per section should be ample for most purposes. 

It may be noted that a possible explanation of the correlation discussed above 
may lie in the way that daughter cells elongate following pseudo-transverse 
division in the cambium, the tip of one cell growing upwards, that of the other 
downwards. The chance of two tips lying alongside each other is thus reduced. 
Alternatively the correlation may be a manifestation of some basic pattern under- 
lying the arrangement of the cambial initials in conifers. Some evidence support- 
ing the latter hypothesis has been obtained, but it is inconclusive. 

Discussion. Slight underestimates of the mean tracheid length probably arise 
through the inclusion of ‘false’ tips, where cells have been sectioned to one side or 
other of their longitudinal axis, but they are not likely to be significant as the 
region of taper in tracheids is relatively short. Mean tracheid lengths obtained 
with the cell tip method compared closely with those from macerated material 
in two series of tests. 

The method would be unsuitable for investigations where information is 
required on cell length distribution. Nor is it likely that it could be used satis- 
factorily on hardwoods. 

The cell tip method has been in use now for some months. It is faster than the 
usual maceration technique and appears to be reliable, but its greatest advantage 
is the accuracy with which samples can be located. At the time of writing it is 
being used on serial sections to follow seasonal changes in tracheid length in 
young pine stems and twigs, of only a few millimetres diameter. 








THE USE OF A SPHERICAL RADIATION METER 
IN WOODLANDS 


By S. D. RICHARDSON 
(Department of Forestry, University of Aberdeen) 


SUMMARY 


For measurements of the light climate in woodlands, conventional light meters have a 
limited usefulness. The flat light-receiving surface results in preferential sensitivity to radiation 
incident in a direction normal to the surface; while barrier-layer cells vary in sensitivity 
according to the light wavelength, and cannot at present be accurately calibrated to charac- 
terize the spectral variation under a tree canopy. 

A new type of radiation meter, designed by E. C. Wassink and C. Van der Scheer and 
comprising two photocells with hemispherical covers, was compared with a flat meter in several 
woodland environments. It is shown to be less sensitive than the flat meter to changes in 
direction of light influx, and more sensitive to changes in light intensity due to cover type and 
ground vegetation. The influence of ground vegetation on the light intensity above it is assumed 
to be due to differences in light reflection by different vegetation types. 

It is suggested that under a tree canopy the measurement of light influx is of more value to 
the forester than an estimate of illumination at a surface, and that, when barrier-layer cells are 
calibrated for use in woodlands, the emission spectrum of the standard light source should con- 
form to the spectral curve of photosynthesis. 


INTRODUCTION 


N recent years considerable attention has been devoted to the characterization 
of the light climate in woodlands and data have been accumulated regarding 
variations in light intensity and quality (Seybold and Egle, 1937; Evans, 1939; 
Blackman and Rutter, 1946; Roussel, 1953, 1956; Inoue and Ota, 1957). In 
Britain, Fairbairn (1954, 1958) has described a number of instruments which have 
been used for light intensity measurements and has discussed some physical 
difficulties associated with their use. Certain inherent limitations in the operation 
of conventional radiation meters are, however, not treated by Fairbairn, and it is 
the purpose of the present paper to draw attention to them. A new type of light 


meter will be briefly described and some examples given of its use in a variety of | 


woodland environments. 


SOME LIMITATIONS OF CONVENTIONAL RADIATION METERS 


The types of radiation meters used in ecological investigations are many and 
varied (see, for example, Shirley, 1929; Roodenburg, 1940; Muizenburg, 1948; 
Combe, 1957; Ashton, 1958; Fairbairn, 1958; Connor, 1958), but in most of 
them the light-receiving surface is virtually flat. From the operation of Lambert’s 
cosine law (see, for example, Pleijel and Longmore, 1952) it follows that such 
meters show a preference in recording radiation incident in a direction normal to 
the receiving surface. Their sensitivity, in fact, varies according to the direction 
of the incident radiation. Furthermore, when barrier-layer photocells are used, 
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additional errors may be introduced by the fact that such cells deviate from the 
theoretical cosine sensitivity. 

The latter source of error is not serious and can be corrected by surmounting 
the cell with a cover of opaline glass or perspex (Pleijel, 1949). This, however, 
merely brings about the theoretical cosine response; it does not eliminate sensi- 
tivity to angle of incidence, which is a much more serious limitation, particularly 
in relation to light measurement in woodlands. Thus, the sensitivity of a flat light 
meter varies according to the position of the sun, the amount of cloud cover, the 
position of the observer and the height of the instrument above the ground. 
Consequently, measurements yield data of a somewhat arbitrary nature; in 
particular, comparisons between readings obtained in the diffuse light of a 
woodland environment and measurements in ‘full daylight’ are not valid. It can, 
of course, be argued that, in a climate such as Britain’s where the sky is overcast- 
for most of the day, the direction of the sun’s rays is relatively unimportant 
(Blackman and Rutter, 1946). It will be shown later in this paper, however, that 
even under continuous cloud, variations in light intensity occur during the course 
of the day, due to changes in the position of the sun. Such variations, furthermore, 
are exaggerated by conventional photocell measurements. 

Another limitation of barrier-layer cells is the fact that they are sensitive only 
in a restricted spectral region and their sensitivity varies according to the wave- 
length of the incident radiation. Fairbairn (1958) uses a barrier layer cell with, 
according to Connor (1958), maximum response at the same wavelength as that of 
the human eye. This may have some merit as far as the human physiologist is 
concerned, but in studies of plant biology it is a distinct disadvantage, because 
the action spectra of plant growth processes bear little relation to the inter- 
national luminosity curve on which the spectral sensitivity of the human eye is 
based (see, for example, Duggar, 1936). This fact is illustrated in Fig. 1 which 
represents the international luminosity curve (from C.P.I.N.S.V., 1953), together 
with spectral curves of photosynthesis (from Hoover, 1937), certain photoperiodic 
responses (based on Parker et al., 1946), stem elongation (based on Wassink e¢ al., 
1951), and chlorophyll 4 absorption (from Zscheile and Comar, 1941). 

It is clear that the relative luminosity factor of a light-adapted eye (i.e. its 
ability to perceive radiation) is zero at a wavelength of 400 my, increases with 
increasing wavelength to a maximum at 555 mp and decreases again to almost 
zero at 700 mp. Photosynthesis, however, is minimal at around 530 my and 
reaches its maxima at 440 and 650 my. Furthermore, it continues beyond the 
range of the human eye. Similarly, certain photoperiodic effects are maximal at 
480 and 700 my, while stem elongation is effected by radiation at 450 and 750 my. 
Other light induced responses in plants (phototropism, photonastic movement, 
&c.) have yet other action spectra. 

It is, thus, apparent that physiological responses of plants to radiation are in 
no way related to the action spectrum of the human eye, and in attempts to 
characterize the light climate of plant growth, the use of a photocell matched to 
the sensitivity of the human eye may be misleading. 

The fact that barrier-layer cells are differentially sensitive to radiation of 
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different wavelengths creates certain other difficulties in the measurement of 
light in woodlands. In the first place, the spectral composition of light under; 
tree canopy differs from that in the open, due to the filtering and scattering 
effects of the foliage. Chlorophyll absorbs strongly in the blue wavelength 
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Fic. 1. Action spectra for various biological processes compared with the International Lumi- 
nosity Curve (I.L.C.). For explanation, see text. 


region, but relatively poorly in the green and red (see Fig. 1); consequently light 
reaching the forest floor is poor in blue, but rich in yellow, green, and red (see, 
for example, Knuchel, 1914). Also, spectral differences will change according to | 
the proportions of reflected and transmitted light present, and these differences 
will vary with tree species, age of crop, season of the year and other factor 
(Inoue and Ota, 1957). On these grounds, too, it follows that barrier-layer cells 
cannot be used for unambiguous comparisons between the light climate of wood- 
lands and that of the open air. Similar considerations apply to attempts to record 
the total light at a given point over a period of time. Variations in light quality 
under a tree canopy are such that long-term records, with barrier-layer cells, 
have a strictly limited validity; indeed, it is doubtful whether the information 
they provide justifies the time and effort expended in obtaining it. 

Finally, the wavelength sensitivity of barrier-layer cells leads to difficulties in 
calibration. If a luminous flux is to be expressed in lux or in foot-candles, the 
barrier-layer cell must be calibrated against a cell giving a direct reading in these 
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A spherical radiation meter and p-ammeter. 


PLATE XVII 
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units, and a separate calibration will be required for every light source which is to 
be measured. Clearly, if light quality is not constant (as is the case under a tree 
canopy), accurate calibration is not possible, and it is better to measure radiation 
in terms of energy, rather than luminous flux. The barrier-layer cell used by 
Fairbairn (1958) was calibrated with a high-pressure mercury vapour lamp as a 
light source (Connor, 1958). Such a lamp is relatively rich in blue-violet and 
weak in red radiation, while the light reaching a forest floor has opposite charac- 
teristics (Atkins et a/., 1937; Inoue and Ota, 1957). In our present state of know- 
ledge, the magnitude of the errors resulting from these discrepancies cannot be 
assessed, but it is as well that they should be recognized, particularly when com- 
parisons are made with the light climate in the open, where the light quality is 


different. 


A SPHERICAL RADIATION METER 


The light meter used in the present investigation was designed and constructed 
at the Laboratory of Plant Physiological Research, Wageningen, The Nether- 
lands. Its prototype has been described by Wassink and Van der Scheer (1951) 
who also give some examples of its use in horticultural and ecological research. 
Needless to say, it does not overcome all the objections which have been made to 
the use of conventional photometers, but it does eliminate the most serious 
drawback of radiation meters in which the light receiving surface is flat, i.e. the 
fact that radiation incident in a direction normal to the flat surface is preferen- 
tially absorbed. 

The designers felt that what was needed for the characterization of the light 
climate in vegetation was not a measurement of luminous flux at a surface, but an 
assessment of the total influx of light into a space, such an assessment being ob- 
tained by a single measurement. It was necessary, therefore, to construct a meter 
which would not show a preferential sensitivity in relation to the direction of 
light influx. 

The meter (see Plate XVII) consists of two circular selenium barrier-layer cells, 
mounted back to back on a metal ring. Each cell is covered by a slightly convex 
disc of opaline glass surmounted by a hemispherical cover, also of opaline glass, 
Icm. in radius. The mounting of the cells is air-tight and the wiring is contained 
in a metal cylinder 120 cm. long, which also serves as a handle for the meter. 
Each hemisphere, when illuminated by a parallel beam of light normal to the 
surface of the cell, yields twice the current obtained by unilateral exposure to the 
same illumination. The apparatus is used in conjunction with a micro-ammeter, 
which is shunted in order to achieve a low external resistance and thus minimize 
the risk of damaging the photocells by high light intensities. The shunt box is such 
that four circuits are available, according to the sensitivity required (100, 500, 
2,000, or 10,000 amps full scale deflexion). 

The use of a single hemisphere for the integration of multidirectional daylight 
is not, of course, a new idea. As far as the writer is aware, however, Wassink’s 
meter represents the first attempt to design an essentially spherical meter which 
is, at the same time, portable. Another advantage is that it can readily be adapted 
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for continuous recording, though this has not been done in the present 
instance. 

It will be realized that the type of information given by a spherical meter 
differs from that obtained with a flat meter. The spherical meter measures the 
influx of radiation into a space, as against illumination of a surface. This means 
that units of superficial illumination (i.e. lux, foot-candles) cannot be used with 
the spherical meter. Wassink proposes a unit of influx expressed in y-watts incident 
into a sphere of I sq. cm. cross-section (u-w/sphere/cm?). For present purposes, 
this suggestion has not been adopted because it is considered that the difficulties 
involved in the calibration of barrier-layer cells for the measurement of radiation 
in woodlands are such that it serves no useful purpose. Since photocells are wave- 
length dependent, it is suggested that, until we know more about the spectral 
composition of light under a tree canopy, calibrations made with artificial light 
sources may be misleading; measurements in terms of direct ammeter readings 
are less ambiguous. 


LIGHT MEASUREMENTS IN WOODLANDS 


During 1957 and 1958, measurements with the spherical meter were made in 
a variety of woodland environments and light conditions. At the same time, 
measurements were made with an ‘Eel’ photometer, equipped with suitable 
neutral filters, and using the same micro-ammeter as in the case of the spherical 
meter. For reasons already stated, absolute comparisons between the two meters 
are not valid, but they can serve to illustrate differences in response to variations 
in the light climate. 


1. The effect of the position of the sun on light intensity measurements 


In Figs. 2 to 5, the time course of radiation changes in the open air and under 
a mixed hardwood canopy are plotted for 2 days, one in January 1957, in condi- 
tions of almost complete snow cover, and one in July 1958. On both days the sky 
was lightly overcast throughout the period of the measurements. Radiation values 
are expressed in terms of direct micro-ammeter readings. 

It is apparent that, even when the sky is overcast, there are differences between 
the meters in response to changes in the direction of the sun’s rays. Thus, shortly 
after sunrise, and particularly just before sunset, the proportion of the total light 
recorded by the flat meter is less than in the middle of the day. It is also clear 
that, under a canopy, the flat meter gives a somewhat erratic curve; a mixed 
hardwood canopy reduces gross variations in light intensity as recorded by either 
meter, but it increases the short-term variations in the flat meter readings. These 
findings are best illustrated by a consideration of the factor required to convert 
flat meter readings to spherical meter values. In Table I the daily course of this 
conversion factor is shown for the measurements represented by Figs. 2 to 5, and 
also for certain other conditions. 

Since the information recorded by the two meters is not comparable, the 
conversion factor has only a numerical interest. It can be seen, however, that 
when the sun is low, even though the light is diffuse only, the sensitivity of the 
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two meters is disproportionate. Differences are greatest in direct sunlight (col. 7, 
Table I) and least under a canopy of Sitka spruce (col. 6, Table I). 


Taste 1. Variation in the conversion factor (flat meter to spherical meter readings) 
during the course of the day in various light climates. Cols. 2 to 5 are calculated from 
data presented in Figs. 2 to § 











Hardwood Sitka 
canopy Open Hardwood spruce Direct 
Time of Fanuary | Fanuary canopy Open canopy sunlight 
measurement 1957 1957 Fuly 1958 | Fuly 1958 | Fuly 1958 | May 1957 
0800 ae “ 1°64 2°14 1°42 15°31 
og00 2°88 2°19 2°55 1°44 1°37 4°62 
1000 2°16 1°57 1°49 1°50 1°56 1°94 
1100 2-9! 1°38 1*g0 1°42 1°52 1°47 
1200 1°61 1°45 1°48 1°15 1°48 1°44 
1300 1°48 1°33 1-78 ae 1°37 1°42 
1400 2°48 1°68 1°38 1°17 1°29 1°46 
1500 4°62 2°72 1-98 2°40 1°31 3°78 
1600 4°29 1°53 4°81 1°38 14°62 
1630 me ai os ee ‘ 
1700 1-18 5°83 1°52 19°71 
1730 ae oe és 
1800 2°02 22°13 a 34°35 
1900 14°20 ae 
2000 67°80 
2100 : 
2200 
2300 























2. The effect of vegetation on light intensity measurement 


In the course of the above measurements it was found that differences in 
sensitivity of the two light meters vary according to the type of forest cover, and 
according to the nature and condition of the ground vegetation. Such variation 
was demonstrated in the following way. On a day when the sky was uniformly 
overcast, the light intensity in a c. 150 year old mixed oak/beech wood was 
measured with the flat meter. Then, in a range of cover types, stances were chosen 
where the flat meter gave readings virtually identical with that of the first 
measurement. At these points, measurements were recorded with the spherical 
meter. In order to reduce variation due to the position of the sun, all readings 
were made between 1130 and 1330 hours on the same day. The cover types 
included the following, all of them on Darnaway Estate, Morayshire. 


Type x. Compt. 58 
Tree cover: Oak 40 per cent.; beech 35 per cent.; birch 15 per cent. Age: uneven. Basal 
area/acre: 97 sq. ft. 
Ground vegetation: Luzula sylvatica; Pteridium aquilinum; V accinium myrtillis; Deschamp- 
sia flexuosa; Holcus mollis; all frequent. Agrostis tenuis; Melampyrum pratense, rare. 
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Fic. 3. Time course of radiation changes under a mixed hardwood canopy during a day in January FiG. § 
1957, as measured by a flat radiation meter (- - - - - ) and the spherical meter (—-——.— ). 
Type 2. Compt. H7 Gro 
Tree cover: Scots pine 70 per cent.; birch 30 per cent. Age: ¢. 100 years. Basal area/acre: | YY 
117 sq. ft. _ 
Ground vegetation: Pteridium aquilinum and Calluna vulgaris dominant : P 
1reé 
Type 3. Compt. 59 I 
Tree cover: Scots pine 73 per cent.; European larch 27 per cent. Age: 35 years. Basal | Gro 
area/acre: 144 sq. ft. 
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Fic. 5. Time course of radiation changes under a mixed hardwood canopy during a day in July 1958, 
as measured by a flat radiation meter (- - - - - ) and the spherical meter (—.—.—.— ). 
Ground vegetation: Calluna vulgaris dominant, with occasional grasses (Anthoxanthum 
odoratum and Deschampsia flexuosa). 
Type 4. Compt. 62 
131 sq. ft. 


Tree cover: Douglas fir 100 per cent., irregularly stocked. Age: 40 years. Basal area/acre: 


Ground vegetation: Epilobium angustifolium dominant, with occasional grasses (Rubus 
Sruticosus and Ulex europaeus). 
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Type 5. Compt. 59 
Tree cover: Sitka spruce 100 per cent. Age: 33 years. Basal area/acre: 130 sq. ft. 
Ground vegetation: Occasional Oxalis acetosella and mosses only. 
Type 6. Compt. 58 
As for type 1, but: 
Ground vegetation: V accinium myrtillis, virtually pure. 
Type 7, Compt. 58 
As for type I, but: 
Ground vegetation: Pteridium aquilinum dominant, occasional grasses (Holcus mollis and 
Anthoxanthum odoratum). 
Type 8. Compt. 58 
As for type 1, but: 
Ground vegetation: Deschampsia flexuosa dominant, Holcus mollis and Anthoxanthum 
odoratum frequent, Luzula sylvatica rare. 


In all these environments the flat meter gave readings between 1,120 and 1,150 
p amps. In Table II the values recorded by the spherical meter, together with 
the relevant conversion factors, are presented by cover types. 


Taste II. The effect of cover type on the sensitivity of the spherical light meter 
(1) (2) (3) (4) (5) (6) (7) (8) 


Scots 
pine/ Scots 
Oak/ Birch Pine/ | Douglas | Sitka Oak/ Oak/ Oak/ 
































Beech | Bracken{| Larch fir spruce Beech Beech | Beech 
Cover type mixed | Calluna | Calluna | Fireweed | Oxalis |Vaccinium| Bracken| Grasses 
S.M. reading 
(amps) . 1,920 1,800 1,685 1,435 1,505 2,090 2,975 1,915 
Conversion 
factor . 1°70 1°61 1°49 1°25 1°34 1°85 1°85 1°69 





Table II demonstrates that the spherical meter can detect differences in light 
climate due to variation in cover type, which escape the notice of the flat meter. 
As might be expected, the two meters differ least in recording radiation under a 
coniferous canopy; under a hardwood canopy, however, there is a marked diver- 
gence between them, as can be seen by the higher values of the conversion factor. 
Furthermore, the spherical meter can detect differences in light climate due to 
changes in the vegetation of the forest floor, which the flat meter is, of course, 
incapable of appreciating. Thus Vaccinium and bracken vegetation (types 6 and 
7) gave consistently higher measurements than types 1 and 8. These differences 
are due, presumably, to differences in light reflection by the vegetation. 

Certain other features of interest emerged from these measurements, but it 
proved impossible to illustrate them quantitatively. Firstly it was observed that 
the movement of tree crowns by light winds had virtually no effect on the light 
climate as recorded by the spherical meter, but it frequently prevented readings 
with the flat meter, due to rapid movement of the ammeter pointer. Secondly, 





and wit 
differen 
vegetati 
Particul 
recordet 

Final 
canopy, 
the gro 
Raising 
reading: 


could be 


DISCUS 


Meas 
years WI 
a means 
receivin 
changes 
tive to t 
the fact 
ing botl 
a surfac 
tially d 
assumes 
with it. 

The ¢ 
more v2 
can be < 
to radia 
is sugge 
conditic 
point o1 
when t 
vertical 
film of 
face of : 
situatio 
ably re: 
plants a 
terized 
surface. 

It m 
behavio 
measur 
Writer, 


um 


50 





RICHARDSON—A SPHERICAL RADIATION METER 135 


and with reference to the influence of ground vegetation on the light climate, 
differences in readings with the spherical meter were recorded in the same 
vegetation type, according to whether or not the ground vegetation was wet. 
Particularly in types 6 and 8, rainfall had the effect of increasing the light values 
recorded. 

Finally, the difficulty mentioned by Fairbairn (1958) that, under a woodland 
canopy, the light recorded varies according to the height of the photocell above 
the ground, was found to be virtually non-existent with the spherical meter. 
Raising the flat meter brought about considerable differences in micro-ammeter 
readings, which were not consistent; the spherical meter, on the other hand, 
could be moved in any direction without affecting the measurement. 


DISCUSSION 

Measurements of light intensity in woodlands, carried out over a period of 2 
years with a spherical light meter, have demonstrated that it is more effective as 
a means of characterizing light climate than is a meter with a conventional flat 
receiving surface. Thus, it is demonstrably less sensitive than the flat meter to 
changes in the direction of light influx (Figs. 2 to 5 and Table I) and more sensi- 
tive to the influence of vegetative cover (Table II). The latter difference is due to 
the fact that the spherical meter measures the influx of light into a space, includ- 
ing both side light and reflected light, while the flat meter records illumination at 
a surface, light incident in any direction other than the normal being only par- 
tially detected. For this reason, the position in which the flat meter is held 
assumes great importance and it is impossible to obtain unambiguous records 
with it. 

The question now arises as to whether the measurement of light influx is of any 
more value to the plant biologist than an estimate of superficial illumination. It 
can be argued that the leaf of a plant represents a surface, and that its sensitivity 
to radiation is more in accord with a flat receiving surface than with a sphere. It 
is suggested, however, that this is not a valid argument when applied to light 
conditions in a woodland environment. As Wassink and van der Scheer (1951) 
point out, unidirectional radiation is preferentially absorbed by vegetation only 
when the horizontal extension of the vegetation is markedly greater than its 
vertical component. Such may well be the case for a single detached leaf, for a 
film of algae, for a layer of lichen or moss, for a field of grass, or even for the sur- 
face of a uniform woodland canopy. Underneath or inside a canopy, however, the 
situation is quite different ; the majority of the light is diffuse, much of it is prob- 
ably reflected, and constant leaf movement ensures that, as far as individual 
plants are concerned, they behave more in accordance with the situation charac- 
terized by the spherical light meter than with that indicated by a flat receiving 
surface. 

It may also be queried whether, in view of our limited knowledge of plant 
behaviour, the increased accuracy of the spherical meter is necessary for the 
measurement of light intensity in woodlands. In the opinion of the present 
writer, this question may be answered in the affirmative for two reasons. Firstly, 








136 FORESTRY 


it is considered that, in any biological measurements, increased accuracy is always 
justified if it can be achieved without undue expenditure of time and money, In 
the present case, the spherical meter is easier to use than conventional photocells, 
since precautions as to the precise siting of the instrument are unnecessary; and 
the cost of construction (apart from the ammeter) is about {15—a figure not 
substantially higher than that of a commercially available cell. 

The second reason relates to the type of information which is required from 
light measurements in woodlands. Most foresters interested in light measurement 
are concerned with determining the minimum light requirements for the re- 
generation and establishment of tree seedlings; physiologically, this means that 
they are primarily interested in finding the compensation point of photosynthesis 
and respiration, and the light saturation point for seedling growth. It has been 
shown elsewhere (Richardson, 1957) that, for detached leaves of tree seedlings, 
light saturation is reached at a lower intensity than for most herbaceous plants, 
and that, in the young stage, some tree species are able to adapt themselves to 
extremely low intensities (Wassink et al., 1956). Nevertheless, there can be no 
doubt that, for entire plants, growth under a canopy is frequently light-limited 
and, in many situations, the light intensity is below the compensation point (see, 
for example, Pearson, 1930). Since, therefore, we are dealing with marginal condi- 
tions, accuracy of measurement and sensitivity to all light sources are of para- 
mount importance. It will, of course, be necessary to determine by experiment 
whether plant growth conforms more closely to the light-pattern revealed by the 
spherical meter than to that indicated by the flat meter. 

Finally, reference must again be made to the problem of spectral sensitivity in 
photocells. Clearly, since it is based on selenium barrier layer cells, the spherical 
meter is as open to criticism as a flat meter on the grounds that its sensitivity is 
wavelength dependent. So far, this limitation does not appear to be regarded 
very seriously in measurements of light climate, in spite of recent work on light 
quality variations in woodlands (Combe, 1957; Inoue and Ota, 1957). There can 
be little doubt, however, that, on present evidence, comparisons between light 
measurements within and outside a canopy should be interpreted cautiously; and 
that, in the majority of cases where wavelength sensitive instruments are cali- 
brated for use in woodlands, the emission spectrum of the standard light-source 
should conform as closely as possible to the spectral curve of photosynthesis. 
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STUDIES ON ULMUS 
Ill. The Village Elms of Hertfordshire 


By R. H. RICHENS 
(Commonwealth Bureau of Plant Breeding and Genetics, Cambridge) 


SUMMARY 


A biometrical study of the elms of southern Cambridgeshire was published in Forestry, xxxi. 
132. The present paper is a parallel study of the village elms of Hertfordshire. The number of 
samples collected was 143. For each of these, 8 quantitative and 1 qualitative foliar character 
were determined. The majority of the samples fall into g biometrically defined groups, 7 per- 
taining to U. carpinifolia and 2 to U. procera. U. glabra was also encountered and one putative 
hybrid between U. glabra and U. carpinifolia. 

The U. carpintfolia elms occur in the east of the county and appear to be of Roman introduc- 
tion in at least one case. Of the two groups of U. procera, one with short petioles and low basal 
asymmetry is centred around St. Albans. The other group, with longer petioles and conspicuous 
basal asymmetry, appears to have entered the county both from the Icknield zone in the north 
and from Middlesex in the south. Both groups of U. procera were established by the end of the 
Middle Ages, but their introduction into the county has not yet been closely dated. 


HE preceding paper in this series (Richens, 1958) was a survey of the elms of 

southern Cambridgeshire. The present paper is a parallel study of the village 
elms of Hertfordshire. As before, the material studied comprises leaf samples from 
every ancient parish in the area under investigation. A section is also devoted to 
the historic evidence concerning elms in Hertfordshire in earlier times. 


SAMPLING TECHNIQUE 


The area studied is the county of Hertfordshire before the boundary changes 
of 1895-1907. 

Several regions of rather unequal size can be distinguished within the county. 
A narrow tongue of land in the extreme west runs out into the low-lying clays of 
the Vale of Aylesbury. The Chiltern hills, chalk with much overlying clay-with- 
flints and intersected by numerous steep-sided valleys, and with a well-marked 
scarp overlooking the Vale of Aylesbury, cover a considerable area west of Hitchin 
and north and west of St. Albans. East of Hitchin a low-lying shelf of chalk 
constitutes the Vale of Baldock. The dip slope of chalk east of Hitchin is largely 
covered by boulder clay and this formation also covers a great part of the Tertiary 
beds in the south of the county. South of St. Albans the London clay is covered 
in many places by drift deposits of sand and gravel. 

Human settlement and the distribution of the various types of elms seem to 
depend more on the drainage pattern than on soil. The eastern and central parts 
of the county are in the basin of the lower Lea or of its tributaries (from west to 
east), the Upper Lea, Mimram, Beane, Rib, Ash, and Stort. The principal rivers 
draining the Chilterns are the Gade on the west, and the Ver on the east, both 
tributaries of the Colne. 
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The technique of sampling was as in the previous study, one tree being selected 
from the old closes around each ancient parochial settlement unless markedly 
dissimilar trees were noted, in which case each observed type was collected. 


BIOMETRIC TECHNIQUE 

The same eight quantitative foliar characters were measured as in the previous 
paper: absolute length of the longer side of the lamina; lamina breadth/lamina 
length; petiole length/lamina length; the degree of basal asymmetry; the number 
of teeth; and the breadth, length, and depth of the primary teeth. The tooth 
measurements are illustrated in the previous paper. It is noted whether the leaves 
are smooth or scabrous. The latter are indicated below by an asterisk. 

The leaves sampled were subdistal members of dwarf shoots growing from major 
branches; five leaves per tree were examined. 


RESULTS 

The mean measurements for each sample are presented in Table I. The 
measurements for each character are expressed in 10-unit scales (0-9) as pre- 
viously, the order of the characters being as given below. 

The absolute range and size of the scaled unit for each character are as follows: 


Length . " . 3-8cm., 1 unit being o-5 cm. 
Relative breadth . 0'40-0°90, 4, 9 0°05 
Relative petiole length 0:00-0:20, __,, 9 0°02 
Basal asymmetry . 0°00-0°20, 4, 9 0°02 
Tooth number . . 50-150, - ~ % 
Tooth breadth . . 38mm, _,, » O5 mm. 
Tooth length . - 38mm, ,, » O5 mm. 
Tooth depth . .- o5mm, 4, » oS mm. 


Testing the significance of the differences between the mean values of corre- 
sponding characters of paired samples by the G test based on range again showed 
that practically all the samples constitute a single continuously varying popula- 
tion. Therefore the procedure adopted in the earlier paper of treating the entire 
collection as a hypersolid in an 8-dimensional taxonomic space was adopted; the 
total assemblage is subdivided into groups, defined in terms of the lower and 
upper limits of each quantitative character. The subdivisions are made to corre- 
spond, as far as possible, to natural discontinuities. The groups adopted here are 
defined in Table II. 

Samples are referred to by the name of the place in which they were collected, 
differentiating multiple collections, where necessary, by means of superscripts. 
The taxonomic groups into which the population is divided are named after a 
type sample and written in capitals. 

Representative leaves of the entire collection are illustrated in Fig. 1. The areas 
of distribution of each group are shown in Fig. 2. 

The areas in which the smooth-leaved elms (Ulmus carpinifolia Gled. sensu 
Rehder) and the elms pertaining to U. procera Salisb. are frequent are also shown 
in Fig. 2, Elms are infrequent in three main areas: (1) the Chilterns to the south- 
west of Luton, (2) a band of country extending from the Chiltern country between 
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Tasue I. Mean scaled values for (1) length, (2) relative breadth, (3) relative petiole 
length, (4) basal asymmetry, (5) tooth number, (6) tooth breadth, (7) tooth length, and 











(8) tooth depth 
Grid one 
Parish reference Biometrical values Essendor 
Flamstez 
Abbot’s Langley. ‘ ; §2/00 6 8 3 3 2 5 6 6 Furneux 
Albury . ‘ ‘ F ‘ 52/42 3 4 4 I I e 74 Gilston . 
Aldbuy . . . . 42/91 | 5 7 eS 2 5 § 6 |  Graveley 
Aldenham. : ‘ ‘ 51/19 5 8 4 5 3 5 5 6° | Great A 
Ps 6 6k 527/43] 4-5 5 4.0 4 4 5 | GreatG 
Ardeley . a | 52/32 5 5 4 2 2 3 3 
b 5 8 4 4 2 6 6 7 Great H 
Ashwell , a | 52/23 6 2 6 2 3 s ¢ 3 Great M 
b 5 7 4 4 2 5 § 6& | Great O 
Aspenden a | 52/32 5 4 6 I ° 3 4 5 | Hatfield 
b 5 7 4 5 ° 6 6 6 Hemel F 
Aston . ‘ , j , 52/22 5 $ § 2 5 6 # Hertford 
Ayot St. Lawrence . ; ; §2/11 c“ 2 3 en ae Hertingf 
Ayot St. Peter , ‘ ‘ 2/21 Hexton . 
Baldock. ; ‘ ; ; 52/53 4 6 7 8 2 ; $e Hinxwor 
Barkway ‘ ‘ ‘ ‘ 52/33 5 6 3 2 1 5 6 ¢ Hitchin , 
Barley . a| 52/33 | 4 - 84 I : 37 Hunsdor 
b 3 7 § 6 2 4 4 6 
Barnet . ‘ ‘ j ‘ 51/29 5 8 4 6 3 5 ¢ # Kelshall, 
Bengeo . : , ; ‘ 52/31 5 7 5 6 I . £8 
Benington . ‘ 4 ‘ 52/22 4 8 4 6 3 5 § 5§*° 4  Kenswor 
Berkhampstead : , 42/90 | 4 $ 4 3 3 4 4 6° | Kimptor 
Bishop’s Stortford . ‘ ; 52/42 8 2 6 4 5 3 3 4 | King’sL 
Bramfield ; , : §2/21 3 2 6 I I ’& £2 King’s V 
Braughing . j , ‘ 52/32 3 4 (12) 2 2 9 ¢ Knebwo 
Brent Pelham. ; ‘ ‘ 52/43 2 5 8 I I 2 @ % Layston, 
Broxbourne . ; ‘ , §2/30 5 8 5 6 3 4 4 6 
Buckland , P , 52/33 5 2 4 2 3 3 4 4 
Bushey . : R ; j 51/19 6 7 3 4 3 4 3 = Letchwo 
Bygrave. ‘ ‘ , : 52/23 5 8 3 3 I 6 5 6 Lilley 
Caddington , , , , §2/o1 5 8 4 6 I 4 4 @ Little Be 
Caldecote , ‘ ‘ ‘ 52/23 5 7 4 5 3 ; ss Little G 
Chesfield a! 52/22 3 $ £4 2 3 oe o@ Little H 
b 4 7 4 4 2 44¢ Little H 
Cheshunt @ | 52/30 5 6 4 3 2 3.2 Little M 
b 6 4 5 I I 4 6 6 Little W 
Clothall, ‘ P ; ‘ 52/23 5 6 5 6 2 5 6 6 Meesden 
Codicote 4 , ‘ ‘ §2/21 4 7 4 4 2 4 6 
Cottered a} 52/32 6 3 8 I 2 3 4 ¢ Much H 
b 5 7 5 5 2 6 6 6 
Datchworth . a | 52/21 3 3 9 I ° 2 33 Newnha: 
b 5 + “4 % 3 4 3 §*| Northch 
Digswell ‘ ‘ ; ‘ g2/z1 | 5 s 3 3 2 3 2 41! NorthN 
Eastwick a} 52/41 4 I 5 3 I 224 Norton | 
b 5 2 s 32 3 i 2-3 Pirton 
Elstree . ‘ ‘ ; , 51/19 4 9 2 5 2 44 2 
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Taste I (cont.) 
Grid 
Parish reference Biometrical values 
Essendon 52/20 | 3 8 4 4 2 $s ¢ 
Flamstead seer |} § - 7 4 § I 5 5 6 
Furneux Pelham 52/42 5 4 Qt 1 3 S € £ 
Gilston . 52/41 | 4 3 5 #! 2 ' & 3 
Graveley 52/22 | 5 a 3 3 3 5" 
Great Amwell 52/31 6 4 3 2 2 2 ~@ 
Great Gaddesden a | 52/o1 4 5 4 4 7 s 2 @ 
b 5-5 4 4 .~ (t0) r ot 4 
Great Hormead 52/43 4 4 (10) 2 2 .s ¢s 
Great Munden 52/42 
Great Offley . §2/12 5 7 5 5 2 s ¢ 
Hatfield 52/20 5 3 4 2 I :+*& 4 
Hemel Hempstead , 52/00 5 7 3 2 3 $ 4 ¢ 
Hertford 52/31 4 7 3 6 4 : & £ 
Hertingfordbury 52/31 5 8 4 3 3 ‘2s: ¢ 
Hexton . 52/13 5 7 5 5 3 i & F£- 
Hinxworth 52/24 | 4 =. 9 3 ee 
Hitchin . 52/12 4 8 5 7 2 4 ££ @& 
Hunsdon a} 52/41 | 4 4 4 1 I : = 8 
b 4 7 3 3 2 ; ¢. ¢ 
Kelshall. a| 52/33 | 6 2 § 3 6 q-¢ § 
6 iF 8 G+ 6 6 6 
Kensworth §2/o1 5 8 3 3 > 44 ©& 
Kimpton 2/11 5 , 4 4 2 44 & 
King’s Langley 52/00 4 4 2 2 I ; ¢ 6 
King’s Walden 52/12 4 8 3 4 2 : 2 
Knebworth 52/22 | § 8 4 2 I sg + 
Layston. a| 52/33 | 4 3 6 4 3 3 3 4 
b 6 1 6 3 3 3 3 4 
c 5 6 6 3 I . ££ ¢ 
Letchworth . 52/23 5 , ¢ F 3 6 6 6° 
Lilley : 52/12 5 5 4 3 I , 4 
Little Berkhampstea 52/20 | 4 e ¢ « 2 2 9 
Little Gaddesden 42/91 | 4 > 2 ¥ 1 4 4 6 
Little Hadham 52/42 4 5 6 3 I + & 3 
Little Hormead 52/42 | 2 e (3) 1 I :“ 6 
Little Munden 52/42 
Little Wymondley . §2/22 5 6 4 4 3 : 2 
Meesden ; a| 52/43 4 4 10 2 3 > 4. 3 
b 4 6 8 4 2 :-2 
Much Hadham a| 52/41 8 2 5 3 2 3 $ *« 
b 6 6 5 6 2 +. 
Newnham, 52/23 | 4 , 49 «€ 2 4 3 
Northchurch . 42/90 | 5 7 3 3 3 4 4 6° 
North Mimms 52/20 | 6 4 6 3 3 ; Bf 
Norton , 52/23 5 7 5 6 2 ; ¢ 
Pirton . a} 52/13 5 7 + ¢ 3 4% 
b 4 3 4 4 3 oo 3 
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Taste I (cont.) 
Lr 
Grid 
Parish reference Biometrical values 
Puttenham 42/81 4 8 4 5 2 5 5 9 
Radwell. 52/23 4 8 4 3 2 5 5 (Of 
Redbourn 52/11 5 6 4 4 2 3 4 3 
Reed a| 52/33 6 4 8 8 3 a 
6 5 6 § 5§ 2 7 8 6 
Rickmansworth a! 51/og 5 7 3 4 3 3 3 «6° 
b 5 7 6 6 3 2 3 4° 
Ridge §2/20 | 4 2 I 4 3 3° 
Rushden 52/33 | 5 > * 3 I 5 5 (C6 
Sacombe 52/31 5 4 2 2 2 $ + 2 
St. Albans a] 52/10 5 6 3 2 2 2 3 «¢ 
b 4 a: iar. I 3 3 6 
c 6 5 3 4 6 : 2 4 
St. Margarets 52/31 3 1 6 2 2 > £4 
St. Paul’s Walden 52/12 5 6 4 3 I 4 5 6 
St. Stephens . §2/10 4 8 3 2 I 33s 
Sandon . a} 52/33 | 5 4 § 6 3 4 4 4 
b 4 > * 2 ;: 32a 
Sandridge 52/11 5 8 3 2 I 4 4 8° 
Sarratt . a 51/09 4 8 2 4 3 4 4 8° 
b 3 5 6 2 2 _— 
Sawbridgeworth 52/41 8 2 5 2 5 4 5 4 
Shenley. §2/10 5 7 5 8 2 4 4 6 
Shephall 52/22 | 5 — a 3 44 5° 
Standon §2/32 4 4 8 6 2 * 24 
Stansted Abbots 52/31 4 4 9 2 2 o 0 3 
Stapleford 52/31 4 8 5 5 2 33 = 
Stevenage 52/22 5 8 4 6 2 4¢F 
Stocking Pelham 52/42 4 4 6 3 2 . =e 
Studham §2/or1 
Tewin . 52/21 5 3 5 3 2 4 3 4 
Therfield a | 52/33 5 4 6 6 2 4 4 4 
b 5 6 6 4 I 5 ? 6° 
Thorley. 52/41 | 7 4 4 3 4 3 4 4 
Throcking a] 52/33 5 3 7 2 2 2 2 
b 6 7 3 4 2 6 6 # 
Tring 42/91 5 6 5 6 2 3 
Walkern a | 52/22 5 3 4 3 4 ae 
6 5 6 4 3 2 $ $F 
Wallington 52/23 5 8 4 7 2 6 4 F 
Ware a| 52/31 4 2 8 2 ° ¢ 2 
6 5.8 4 3 3 5 $= 
Watford 51/19 5 8 4 6 3 5 5 6 
Watton at Stone 52/31 4 $ £ @ 2 4 4£¢ 
Welwyn a} 52/21 | /4 7 5 4 2 3 £€f¢ 
b 5 oe 3 4 3 4 
Westmill 52/32 4 3 7 2 2 t $4 
Weston . 52/23 | 5 ,* *£ ° 6 6 6 
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Tasre I (cont.) 











Grid 
Parish reference Biometrical values 

Wheathampstead . ‘ ‘ 51/11 s . 8 3 5.7 «2 ke ee 
Widford 2 : ‘ : 52/41 c «Ss €§ Sas =< Does 
Wigginton. ; , . 42/91 
Willian . ‘ F ‘ ‘ 52/23 t= F 5 cf: tha SS SS 
Wormley ; ‘ ‘ ‘ 52/30 *;. & 4 S$. w | ae 
Wyddial ‘ . ; , 52/33 +. = & 6 S »s & «© @ 














Luton and Hitchin southward through Hatfield to the county border at North 
Mimms; (3) an area in the eastern part of the county between the valleys o 
the Beane and Rib. 


TAXONOMIC ANALYSIS 


Nine principal taxonomic groups are distinguished in the county, the first seven 
pertaining to U. carpinifolia and the final two to U. procera. Their characteristics 
are described below, taking narrow-leaved elms first and then the broad-leaved 
forms. 

EasTWICK. The four samples comprising this group are Bramfield, Eastwick», 
Gilston, and St. Margarets. The main area of distribution is the northern bank of 
the lower reaches of the Stort but in the preliminary survey of East Anglian elms 
in this series (Richens, 1955) material was collected suggesting that it extends 
some distance farther east into Essex. 

The salient features of this group are the narrow leaves and very small teeth. 
Some of the trees of this population show the unilateral habit commonly regarded 
as indicative of U. plotii Druce. This feature is not however always present. 

The Eastwick elm, with slightly larger teeth than the group as here defined, 
is closely related. 

The Chesfield*, Walkern*, and Pirton> elms differ from this group in their 
shorter petiole. It is doubtful, in view of their location in the northern half of the 
county, whether they are closely connected with the group. 

THROCKING. There are four samples pertaining to this group: Ashwell, Cot- 
tered*, Throcking*, and Westmill. The latter three samples come from a compact 
area in the north-east corner of the county. Ashwell adjoins the three-county 
point where Cambridgeshire, Bedfordshire, and Hertfordshire meet. The Ashwell# 
sample could, with propriety, be attached to the BoxworTH group of narrow- 
leaved elms in western Cambridgeshire (cf. Richens, 1958); it differs only in its 
slightly greater size. 

The THROcKING elms are narrow-leaved as in the previous group but the leaves 
tend to be larger and the teeth are bigger. The unilateral habit was not observed. 

Three related samples from the same area are the Buckland, Kelshall*, and 
Layston> elms. The first has a shorter petiole than typical THRocKING elms; the 
second differs from the norm for the group in its high teeth number; the third 
has a slightly more asymmetric leaf base. 
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Fic. 1. Specimen elm leaves. Line 1 (reading from left to right), Eastwick> (gasrwicx), Chesfield* 
(? aff.), Throcking* and Ashwell* (rHrocxine), Kelshall* (? aff. THrockinc), Sawbridgeworth 
(sAwBRIDGEWORTH); line 2, Hunsdon* (HuNspon), Sarratt® and Albury (aff. HuNspon), Tewin and 
Stocking Pelham (Tew1n); line 3, Anstey (aff. Tewin), Braughing and Little Hormead (sravGuIN), 
Ware® and Datchworth® (? intermediate between BRAUGHING and wesTMiILL), Wyddial (? aff); 
line 4, Therfield* (rHERF1ELD), St. Stephens (st. aLBaNns, U. procera), Sacombe (? aff. st. ALBANS), 
Hitchin (urtcuin, U. procera), Rickmansworth? (intermediate between HITCHIN and sT. ALBANS); 
line 5, Knebworth (intermediate between HITCHIN and sT. ALBANS), Lilley (aff. the preceding type), 
Meesden? (long-petioled U. procera), St. AlbansY (U. glabra), Great Gaddesden” (U. carpinifolia 
— U. glabra). 





| 


Order nwvyeyn!l 


H 


sAWB 
Stortfo 
area alc 
the EAS 
extensi 
The 
also ap 
leaves. 
HUNS 
Cheshu 
princip 
and als 
Chilter 
the gro 
from tl 
in the 
Wha’ 
binatio: 
Four 
Little | 
each ca 
TEWI 
group. 
Stockin 
detache 
the Hv! 
The 
numbe: 
BRAU 
Braugh 
and Me 
of the | 


3355 .2 





field* 


ING), 


ype), } 
ifolia 


RICHENS—STUDIES ON ULMUS 145 


Taste II. Principal populations and their biometrical ranges 








Group Biometrical range 
Eastwick . ‘ . 3-5. 1-3 5-6 1-3. 1-3. OI OT 3 
THROCKING ‘ -| 4-6 . 2-3 68 1-2 . 2-3 . 23 2-4 3-4 
SAWBRIDGEWORTH : 8 . 2 56 24 . 25 . 3-4 3-5 4 
Hunspon . , -| 4-6 . 4-5 3-5 1-2 . 1-3 . 2-4 2-6 3-6 
TEwIN ‘ ‘ ; 4-6 . 3-5 4-6 3-5 . 2-3 . 3-4 2-3 3-4 
BRaUGHING . R 2-5 . 4-5 8-13 1-2 . 1-3 . 1-4 2-5 5-6 
THERFIELD . , , 5-6 . 4 5-8 68 . 2-3. 4 45 4 
St. ALBANS ; -| 4-6 . 69 2-3 2-3. 1-3 . 2-6 3-6 5-6* 
Hircuin . ; -| 3-6 . Go 4-5 48 . O03 . 3-7 3-8 5-7° 








SAWBRIDGEWORTH. The three samples of this group comprise the Bishop’s 
Stortford, Much Hadhams, and Sawbridgeworth elms. It is located in a compact 
area along the west bank of the Stort to the north-east of the area occupied by 
the Eastwick group. Some unpublished observations on Essex elms indicate the 
extension of this group eastward, in particular along the Roding valley. 

The principal feature of these elms is the large narrow leaf. Tooth number is 
also apt to be high. The Thorley specimen is related, differing in its broader 
leaves. 

HUNSDON. This is a rather larger group and includes the Ardeley*, Barley®, 
Cheshunt», Great Amwell, Hunsdon*, St. Albans, and Widford elms. It is 
principally found in the south-east of the county but outliers occur farther north 
and also, far away from the main area of U. carpinifolia, on the dip slope of the 
Chilterns. The St. Albans» specimen was in bad condition but the existence of 
the group so far west is confirmed by the Sarratt> elm, which only differs slightly 
from the group as here defined. The presence of U. carpinifolia elms of this type. 
in the Chilterns was noted in the first paper of this series. 

What particularly distinguishes the leaves of the HUNsDON group is the com- 
bination of medium breadth, shortish petioles, and low asymmetry. 

Four other samples are related to this group: Albury, Aspenden®, Hatfield, and 
Little Hadham. The differences from typical elms of the group are slight in 
each case. 

TEWIN. The size of this population is about the same as that of the HUNSDON 
group. It includes the following samples: Digwell, Layston*, North Mimms, 
Stocking Pelham, Tewin, and Welwyn. The majority of these elms occur in the 
detached area of U. carpinifolia to the west of the Beane. This group resembles 
the HUNSDON group in all respects save the greater basal asymmetry. 

The Anstey elm seems most closely related to this group but has a lower tooth 
number. 

BRAUGHING. The elms of this extremely characteristic group, comprising the 
Braughing, Brent Pelham, Furneux Pelham, Great Hormead, Little Hormead, 
and Meesden* samples, are confined to a relatively small region in the north-east 
of the county, close to the Essex border. Its salient feature, noted under grid 

3355.2 L 
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reference §2/32 in the first paper of this series, is the combination of extremely 
long petiole with low asymmetry. 

The Datchworth* and Ware* elms appear to be intermediate between the 
gRAUGHING and WESTMILL groups, combining the long petiole of the former with 
the narrow lamina of the latter; the tooth number is less than in either. ‘The 
Wyddial elm has the long petiole typical of this group but the narrow lamina and 
highly asymmetrical leaf base render its affinities uncertain, Another elm of 
problematic affinities is the Stanstead Abbots sample; this has the long petiole 
typical of this group, combined, however, with much smaller teeth, 

querrieLD, ‘This is the last of the smooth-leaved groups and includes samples 
Reed*, Sandon’, and ‘Therfield*, ‘Those occupy a small area adjoining the border 
with Cambridgeshire. ‘The salient feature is the combination of medium leaf 
breadth with high basal asymmetry. 

The Standon sample is possibly related. It has the pronounced basal asymmetry 
of the THERFIELD group but smaller teeth. 

sr, ALBANS. ‘The elms of this group pertain to U. procera and, with the excep: 
tion of some scattered outliers, occupy an area around St. Albans. ‘The list in 
cludes Abbot’s Langley, Ayot St. Lawrence, Barkway, Bygrave, Hemel Hemp- 
stead, Hunsdon», Kensworth, King’s Langley, Northchurch, Ridge, St. Albans®, 
St. Stephens, Sandridge, and Wheathampstead. ‘These elms have the very broad 
scabrous leaves characteristic of the species but differ from the majority of the 
specimens of U. procera collected in the county in the very short petioles and low 
basal asymmetry. 

A possibly related elm with leaves much narrower than typical U. procera was 
collected at Sacombe. 

uircHin. The second U. procera group is the largest group of all and includes 
the following elms: Aldbury, Aldenham, Ardeley», Ashwell», Aspenden>, Aston, 
Barley», Barnet, Bengeo, Benington, Broxbourne, Caddington, Caldecote, Ches- 
field», Clothall, Codicote, Cottered», Datchworth», Essendon, Flamstead, Grave- 
ley, Great Offley, Hexton, Hinxworth, Hitchin, Kelshall>, Letchworth, Little 
Wymondley, Much Hadham?, Norton, Pirton*, Puttenham, Redbourn, Reed”, 
Sandon, Shenley, Shephall, Stapleford, Stevenage, ‘Tring, Wallington, Watford, 
Watton at Stone, Welwyn’, Willian, and Wormley. There are four main areas in 
which this type of elm is found: (1) the foot of the Chilterns around ‘Tring, (2) 
another area in the Chilterns to the south-west of Luton, (3) a broad band 
extending north across the entire county from the Cambridgeshire border to the 
lower Lea, and (4) a zone along the Middlesex boundary in the extreme south of 
the county. 

There are a number of elms intermediate between the present group and the 
ST, ALBANS group. Some of these, including the Bushey, Elstree, Hertford, King’s 





Fic, 2, Distribution maps. (1) Areas in which elms are frequent: horizontal hatching, U. carpini- 

jolia; vertical hatching, U. procera; (2) rasrwick; (3) THROCKING; (4) sAWBRIDGEWoRTH; (5) HUNS- 

DON; (6) TEWIN; (7) BRAUGHING; (8) THERFIELD; (9) sT. ALBANS; (10) urrcHIN. The thick line 
indicates the Ermine Street. 
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Walden, Little Berkhampstead, Newnham, Rickmansworth*, Sarratt#, and 
Throcking> elms, combine the short petiole of the st. ALBANs group with the type 
of basal asymmetry of the present group. The converse combination obtains jp 
the Berkhampstead, Cheshunt*, Hertingfordbury, Kimpton, Knebworth, Little 
Gaddesden, Radwell, Rushden, St. Paul’s Walden, Walkern>, Ware, ang 
Weston samples, in which petioles characteristic of the present group are asso. 
ciated with the low asymmetry of the st. atBans population. The Lilley elm 
resembles the intermediates last mentioned but is narrower than normal U. 
procera. 

Some related elms with longer petioles also occur, mostly in the north of the 
county. They comprise the Baldock, Layston*, Meesden>, Rickmansworth», and 
Therfield> samples. 

Of the remaining elms, St. Albans¢ is typical U. glabra Huds. This species js 
almost certainly native in the Chiltern woods but is not commonly planted 
around villages in the county. The two Great Gaddesden samples are of special 
interest in that they combine such typical U. glabra characters as high tooth 
number and small teeth with the smaller lamina size and smoothness of U. carpini- 
folia leaves. U. glabra occurs wild in the Chilterns and U. carpinifolia is also 
present locally and it seems probable that the Great Gaddesden elms are hybrids 
between the two species. 

All the samples collected in the present survey can be allocated either to U. 
carpinifolia, U. glabra, U. procera, or U. carpinifolia—U. glabra. 

U. glabra is the only species that appears to be indigenous. It is frequent in the 
Chiltern woods and appears, in the case of the Great Gaddesden samples, to have 
hybridized with introduced U. carpinifolia. 

The U. carpinifolia and U. glabra groups have every appearance of human 
introduction though the date of this may be up to two thousand years ago. One 
of the most interesting features of the distribution of U. carpinifolia and U. 
procera is that the boundary between the two follows approximately the line of 
the Roman Ermine Street. This also roughly corresponds to the boundary be- 
tween the Anglo-Saxon kingdoms of Essex and Mercia, a boundary which is 
believed to have been perpetuated by the bounds of the medieval dioceses of 
London and Linceln. This suggests that the U. carpinifolia groups may have been 
principally introdiiced from the east while the U. procera groups came from 
the west. 

Previous authors (Loudon, 1838; Melville, 1939) have commented on intra- 
specific variation in U. procera. The present survey suggests that not only is there 
considerable intraspecific variation but that this is associated with geographical 
distribution. The samples of U. procera with low basal asymmetry, the st. ALBANS 
group, are principally located around St. Albans and it seems likely that this 
population represents the area of spread of one introduction of this species. The 
HITCHIN group with markedly asymmetrical leaves is more widespread but is 
noticeably more frequent around the periphery of the county than in localities in 
the interior. It seems that representatives of this group have entered the county 
from several sources. The foot of the Chiltern scarp, traversed by the prehistoric 








Ickniel 
while t 
introd’ 
wheres 
enclav' 
furnisk 
regard 
The 
Street, 
narTov 
mon, t 
The 
ing reg 
teristic 
popula 
sugges 
The wu 
andat 
the un 
presen’ 
habit i 
elm po 
of spec 
The 
WORTH 
Ashwel 
Cambr 
group | 
group 
extrem 
conside 
possibil 
of narr 
betwee 
These 
that w 
the TH 
The 
may cc 
caused 
commo 
to the 
charact 
describ 


The pr 


and 


Ns in 
uittle 

and 
asso- 
elm 
1 U. 


f the 


and 


ies is 
nted 
ecial 
ooth 
pimi- 


orids 
> U, 


. the 
lave 


man 


One 


$ of 
een 


tra- 
ere 
ical 
ANS 
this 
The 
t is 
3 in 
nty 


ric 





RICHENS—STUDIES ON ULMUS 149 


Icknield Way, appears to be one source, the Lea valley appears to be another, 
while the elms around Watford in the extreme south of the county are quite likely 
introductions from the adjoining parts of Middlesex. It is interesting to note that, 
whereas in much of the centre of the county elms are scarce and there is an 
enclave of U. carpinifolia around 'Tewin, the Beane valley farther east is well 
furnished with elm of the n1TcHIN group. It is not clear whether these are to be 
regarded as derived frem the north or from the lower Lea valley to the south. 

The U. carpinifolia elms, which occur principally to the east of the Ermine 
Street, exhibit a far greater range of variation than the U. procera elms. Of the 
narrow-leaved groups, the EASTwiIcK and THROCKING groups have much in com- 
mon, but it is doubtful whether they have a proximate common origin. 

The small-toothed eastwick elms line the lower Stort and occur in the adjoin- 
ing region of Essex. Some specimens have the unilateral habit regarded as charac- 
teristic of U. plotii. However, this feature is only present in some members of the 
population and its inconstancy in an otherwise biometrically uniform population 
suggests that too much weight should not be accorded it as a diagnostic character. 
The unilateral habit is associated in this population with small, narrowish leaves 
and a tendency to form proliferating long shoots. A similar association occurred in 
the unilateral elm, Cambridge*, collected in the Cambridgeshire survey. The 
present study confirms the tentative conclusion reached earlier that the unilateral 
habit is a potentiality liable to be realized independently in various small-leaved 
elm populations and is therefore probably polyphyletic in origin and no criterion 
of specific status. 

The THROCKING group could be an offshoot of the biometrically similar Box- 
WoRTH group that occupies a considerable area in western Cambridgeshire. The 
Ashwell* elm almost certainly has affinities there. However, the southern part of 
Cambridgeshire is occupied by U. procera and the main area of the THROCKING 
group lies several miles away from the nearest representative of the corresponding 
group in Cambridgeshire. There are some narrow-leaved elms, too, in the 
extreme north-western corner of Essex which also require to be taken into 
consideration in discussing the origin of the THRocKING population. A third 
possibility is that the THROCKING group arose either by mutation in the direction 
of narrower lamina in either the HUNSDON or vEWIN groups or by hybridization 
between one or other of these and narrow-leaved elms of the BoxworTH type. 
These possibilities, moreover, are not mutually exclusive. It is likely, however, 
that whereas the small-leaved Eastwick group originated from the south-east, 
the THROCKING group is of more northerly origin. 

The narrow-leaved elms of or related to the THROCKING and BOoxWoRTH groups 
may correspond to Miller’s (1739) Ulmus minor, folio angusto glabro, which has 
caused so much trouble to the nomenclators. Miller described his taxon as very 
common in some parts of Hertfordshire and in Cambridgeshire, where it exists 
to the practical exclusion of all others, and the narrowness of the leaves is the 
character distinguishing it from the smooth-leaved elm Ulmus folio glabro, 
described as occurring in Essex in the second edition of Gerarde’s (1636) Herball. 
The propinquity of elms of the THrockiNc type to the Ermine Street would 
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bring them to the notice of an observant traveller between London and 
Cambridge. 

The large-leaved sawsripGewortu elms have no equivalent in the Cambridge. 
shire survey. They occur in Essex along the Roding valley and appear to represent 
a third stock, independent of the first two. 

The nunspon and Trewin groups are closely allied, differing mainly in the degree 
of basal asymmetry. The distribution is different, however. The Trewin elms are 
principally found in the enclave of U. carpinifolia to the west of the Beane valley 
and are separated from the main area of U. carpinifolia by the U. procera elms of 
the Beane. The nunspon elms are common in the south-east of the county. Elms 
similar to the Trewin population occur in north-east Essex and are presumably of 
similar origin. Similar types occur though only sporadically in Cambridgeshire, 

The U. carpinifolia samples from the Chilterns appear to pertain to the 
HUNSDON group though separated some distance from it. Quite possibly the 
Chiltern elms originated from an elm population in south-eastern Hertfordshire, 
but it is desirable to ascertain whether U. carpinifolia occur farther south in the 
Buckinghamshire Chilterns before coming to a conclusion on this point. Elms 
with the low asymmetry of the HUNSDON group were not encountered in Cam- 
bridgeshire, but similar types, though with smaller leaves, have been observed in 
north-eastern Essex. 

The BRAUGHING group, with its small leaves, extremely long petiole and low 
asymmetry, is the most distinctive of all the Hertfordshire elms and appears to be 
confined to the county. A preliminary (unpublished) survey of the elms on the 
Essex side of the border revealed the presence of the small-leaved elms mentioned 
above as probably related to the HuNspoN group, and also some with petioles 
longer than in the nuNspoN elms, but no elms were found with the exaggerated 
characteristics of the BRAUGHING group. It seems, therefore, that we have here a 
case of evolution in situ. Quite likely, the BRAUGHING, HUNSDON, and TEWIN elms 
are of common origin and have differentiated in eastern Hertfordshire and north- 
eastern Essex into a number of distinct populations, each characteristic of a 
particular area. 

The type clone of U. diversifolia Melville (19392), originally collected by the 
side of the road from Hatfield to Hertford, appears to pertain to the HUNSDON 
group. The range of variation around the low mean value for basal asymmetry in 
this group results in the occurrence of leaves in which the base is almost symmetri- 
cal, a diagnostic characteristic of this taxon. As stated in the first paper of this 
series, however, the continuity of variation between the numerous subordinate 
taxa of U. carpinifolia is such that the raising of any of these to specific status is 
regarded as inadvisable. 

The relationships of the highly asymmetrical THERFIELD group are uncertain. 
Highly asymmetrical leaf bases are the exception in Hertfordshire samples of U. 
carpinifolia and no suggestion can be made yet as to the affinities of these forms. 

It appears likely therefore that there have been three principal introductions of 
U. carpinifolia into the county: (1) the small narrow-leaved eastwicx elms from 
the south-east, (2) the large-leaved sawsripceworTu elms from a source a little 
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to the north of the foregoing, and (3) the broader-leaved elms which have now 
differentiated into the BRAUGHING, HUNSDON, and TEWIN groups from a focus to 
the north of the sawBRIDGEWORTH group. 

An interesting fact emerging from the present study is the marked distinction 
between the elms of Cambridgeshire and Hertfordshire. While it seems clear that 
the U. procera population of southern Cambridgeshire is an offshoot of the 
Hertfordshire population and possible that the THRockiNG group of U. carpini- 
folia was derived, at least in part, from the BoxwortH group of Cambridgeshire, 
in general there is little evidence of migration either way across the border be- 
tween these two counties. The large-toothed elms that are so characteristic of the 
Cam valley have not been encountered in Hertfordshire. The low-asymmetry 
elms of the BRAUGHING and HUNSDON groups are not features of the Cambridge- 
shire scene. In fact, from the point of view of the elm taxonomist, the Cambridge- 
shire-Hertfordshire boundary is a natural one in contrast to the Essex—Hertford- 
shire boundary. The latter is quite artificial from the same point of view and the 
natural division, as far as the elms are concerned, is demarcated by the bounds of 
the Anglo-Saxon kingdoms of Essex and Mercia. 

The relative roles of vegetative and sexual reproduction in accounting for the 
variation in the Hertfordshire elms are difficult to ascertain. It seems highly prob- 
able that mutation alone is responsible for the in situ development of the BRAUGH- 
inc group. The Great Gaddesden samples suggest that hybridization has occurred 
between U. glabra and U. carpinifolia, but while there is no reason for supposing 
that a certain degree of hybridization within U. carpinifolia has not occurred, it 
is possible to explain most of the local variation in this species and in U. procera 
by the accumulation of somatic mutations in asexually reproducing clones. 

A passing reference should perhaps be made to the identity of the Hertfordshire 
elm of nineteenth-century authors. Lindley (1835) mentions it as a nurseryman’s 
form and treats it as a variant of what would now be called U. procera. Webb and 
Coleman (1849) in their Flora Hertfordiensis disclaim any knowledge of Lindley’s 
Hertfordshire elm, while Rivers (1855, 1861) states that the Hertfordshire elm is 
a narrow-leaved form of U. glabra Mill. (i.e. U. carpinifolia) such as occurs on 
either side of the lower Stort. In view of this diversity of interpretation, there is 
little point in pursuing this appellation further. 


HISTORICAL ANALYSIS 

While it is possible to make a reasoned surmise as to the origins of the Hertford- 
shire elm flora, it is far more difficult to attach a time scale. 

U. glabra appears to be indigenous and presumably dates back to the late 
Boreal mixed forest. 

It is probably unnecessary to consider any human introduction of elms before 
the Iron Age. The Iron Age A settlements are mostly in the neighbourhood of the 
Icknield Way which runs along the chalk scarp, and, while it is true that this 
region appears to be one of the areas from which the nitcutn group of U. procera 
spread into the county, there is no evidence suggesting the presence of these elms 
in Iron Age A times. 
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Iron Age C (Belgic) settlements are more widespread. The Icknield zone pp. 
tains its old importance but new sites in such places as Wheathampstead, ¢¢, 
Albans, Welwyn, and Braughing are occupied. It is likely that a track, somewhat 
along the line of the Roman Stane Street, connected the old Belgic headquartey 
at St. Albans with the new capital at Colchester. Again, it seems rather improb. 
able that any of the U. carpinifolia or U. procera forms of Hertfordshire were 
introduced by the Belgae, in particular since the principal settlements in the 
St. Albans area are now mainly occupied by U. procera. This species has every 
appearance of being of ancient occurrence in Gloucestershire and northern 
Somerset while in Hertfordshire it is on the verge of its range. Its extensive 
distribution in England seems unlikely to have occurred before the unification of 
the country in Roman times. 

The Roman occupation of Hertfordshire occurred quite soon after the Belgic 
penetration and the sites occupied were, to a large extent, on or adjacent to 
Belgic settlements. ‘The only direct evidence concerning the elm in Roman times 
is provided by Westell’s (1937) discovery of an elm wattle hut of this period at 
Great Wymondley, not far from the Icknield Way. It is unfortunate that the 
species is uncertain. U. procera appears to be of ancient occurrence locally, but 
U. glabra can hardly be ruled out either. The other line of evidence for the 
presence of elm in Roman times, early Anglo-Saxon place-names based on ¢/m ot 
wice, fails us as far as Hertfordshire is concerned, though the place-name Elmdon, 
probably but not certainly based on e/m (Reaney, 1935), is found in north-west 
Essex, not far from the Hertfordshire border. The Elmdon elm has affinities with 
the TEWIN group and the putative differentiation of this group into the present- 
day BRAUGHING, HUNSDON, and TEWIN groups suggests that it is of some antiquity. 
In addition, the fact that the Roman town of Great Chesterford is nearby and is 
connected to Braughing by a Roman road passing through Elmdon and the centre 
of distribution of the BRAUGHING group fits in with the supposition that the 





BRAUGHING—HUNSDON-TEWIN complex is of Roman introduction. It is not possible | 


yet to suggest whence it came. The predominantly easterly distribution of U. 
carpinifolia would accord with the hypothesis that this species was introduced 
into eastern England, possibly Colchester, in the later pre-Roman Iron Age and 
that trees growing in this region provided one source of elm for Roman agri- 
culturalists. However, much more detailed information is required about the 
Essex elms before this line of speculation can be profitably pursued further. 
The presence of elms in medieval Hertfordshire is attested by a number of 
references. The place-name Wychdell, in Knebworth, first recorded ¢. 1399, is 
interpreted by Gover et al. (1938) as a possible derivative of wice. It may indicate 
the presence of U. procera in the neighbourhood. The Court Rolls of Hoddesdon 
in the parish of Broxbourne (Tregelles, 1908) record an accusation of cutting an 
elm ¢. 1400 and thereby attest the presence of elm, presumably either U. carpini- 
folia or U. procera, in the lower Lea valley at this time. Some of the fifteenth- 
century floorboards in the tower of St. Albans Abbey are of elm (Rogers, 1930) 
and may have come from local specimens of the st. ALBANs population of U. procera. 
An early Elizabethan survey of the Duchy of Lancaster estates in Hertford- 
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shire records the presence of elm in Hertingfordbury. U. procera is most likely the 
species intended, but since U. carpinifolia occurs in the neighbouring parish of 
Tewin it is not possible to be sure. Probably evidence for the presence of the 
sRAUGHING-HUNSDON-TEWIN complex in Hertfordshire in the sixteenth century 
is provided by Williams (1929). He records, in his history of Anstey, the discovery 
of a marginal note in a copy of Bullinger’s sermons to the effect that ‘Ulmus stans 
et surgens in Anstiensi coemeterio tonsa fuit vicessimo tertio die Februarii. Anno 
Dom. 1581. Elizabeth Reg.’ It is presumed, though not quite certain, that Anstey 
in Hertfordshire is intended. Elms still occur in the vicinity. 

Of special interest for the late history of the elm in Hertfordshire are the 
muniments at Hatfield House. There are a number of references to oak, ash, 
beech, and hornbeam in the Hatfield Manor Papers from the late fourteenth 
century onwards, but no mention has been found of elm till the operations 
involved in building Hatfield House and laying out the grounds. Then elm was 
bought in some quantity, both for scaffolding and for planting. ‘The entries for 
purchase of elm in the volume of transcripts entitled Building of Hatfield House 
commence in 1608 and it is significant that one of the sources mentioned is ‘Tewin 
while in another place Sir Robert Wroth, Lord of the Manor of Tewin, is found 
supplying an elm. Sir Robert also owned land at Hertingfordbury and Cheshunt, 
but it seems most likely that his elm grew at Tewin. It has been pointed out above 
that Tewin is the focus of the enclave of U. carpinifolia to the west of the Beane. 
The Hatfield records suggest that this population may be of some antiquity. 

Confirmation of the presence of elm at St. Albans is provided in the corporation 
records (Gibbs, 1890) in which it is recorded that in 1703 ‘John Long, wheeler, 
confessed that he bought elms of Mr. Norris, about a fortnight before Michael- 
mas last, which were the trees that grew upon the waste before Mr. Norris’s 
house’. Ellis (1750) mentions the presence of elm at Great and Little Gaddesden 
where elm is still not very frequent. 

Confirmation of the rarity of elm in the country between the Beane and the 
Rib is provided by an eighteenth-century map of the manor of Great Barwick in 
the parish of Standon. This map indicates all the species of trees growing on the 
estate at the time by appropriate colours. Elm is very infrequent. 

These historical references suggest that the present pattern of distribution of 
the Hertfordshire elms was established by the end of the Middle Ages at the 
latest. No conclusive evidence on the date of the various introductions of U. 
procera has yet been obtained. A Roman origin is conceivable in the case of the 
HITCHIN elms in the vicinity of the Icknield Way and for the st. ALBANS population 
but nothing has been discovered to rule out the possibility of an early medieval 
date, The BRAUGHING—HUNSDON-TEWIN complex of U. carpinifolia is very likely 
of Roman introduction, possibly from elsewhere in eastern England. The introduc- 
tion of the other U. carpinifolia groups cannot yet be closely dated. 
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CONTROL OF CUTWORM IN FOREST NURSERIES 
By J. R. ALDHOUS 


(Forestry Commission) 
SUMMARY 

Larvae of Agrotis segetum Schiff (cutworms) damaged seedlings on a light loam soil at Ken 
nington Nursery, Oxford. Experiments carried out in 1955-7 investigated the effect of BHC, 
DDT, aldrin, and dieldrin on cutworms and their phytotoxicity to Sitka spruce (Picea sttchen- 
sis) seedlings. 

A spray containing 3 lb. aldrin per acre (as a 30 per cent. miscible oil) or 14 lb. dieldrin per 
acre (asa 15 per cent. miscible oil) gave excellent control of Agrotis segetum larvae and did no | 
damage to the seedling crop. Both insecticides were applied in 100 gallons water per acre. 
Immediate control of cutworm was obtained with applications at time of expected larval 
emergence (mid-June) or at time of first visible crop damage (mid-July); applications one 
month later gave good control after 3 days. 

Stock beds containing seedlings of all the conifers commonly used in Britain have been 
sprayed in mid-July with aldrin and dieldrin at half the rate used in the experiments. No 
species was damaged and control of cutworm was good. 


UTWORM is the name given to the larvae of a group of moths that damage 
both cultivated and wild plants in Europe, North America, and elsewhere. 

The larvae most commonly found in forest nurseries are those of the Turnip 
moth, Agrotis segetum Schiff, the Yellow underwing moth, Tryphena pronuba L., 
and the Heart and Dart moth, Agrotis exclamationis L. Larvae of the Garden 
dart moth, Euxoa (Agrotis) nigricans L., and the Swift moths, Hepialus humuli 
L., and H. lupulinus L. have also been found in forest nurseries. While severe cut- 
worm infestations are uncommon, when they do occur, extensive damage to 
seedbeds may take place. 

Cutworms, when fully grown, are 14-1} inches long, smooth, and dirty grey- 
green or grey-brown in colour; they have rows of blackish dots along their sides 
and indistinct stripes along the body. They are true ‘caterpillars’ having three 
pairs of true legs near the head, four pairs of prolegs in the middle, and a pair of 
‘claspers’ at the rear. The head is dark brown and has biting mouth-parts (Fig. 2). 


LIFE CYCLE 


The life cycle of the cutworm is normally completed in one year, there being 
little difference in the cycle of any of the species giving rise to larvae called cut- 
worm. The occurrence of two generations in one year has been reported (Ryle, 
1926) but is not a regular feature of cutworm attack. 

Eggs are laid on plant stems and foliage near the ground in June or July and 
hatch one or two weeks later. The young larvae at first hide under stones, grit, 
weeds, &c., but for the greater part of their development the larvae live in 
tunnels in the soil. The tunnels of Agrotis segetum larvae penetrate to a depth of 
about 2 inches. Larvae continue feeding until early October (see Tables I and II 
below); they reach their full size in early autumn and overwinter in the soil. 
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While they may appear above ground in warmer days in winter and early spring, 
the larvae feed little and in February—April pupate in the soil at a depth of 
4-6 inches (Fiedler, 1937). Adults emerge in early June-July. Where two genem. 
tions occur in one year, a part of the first generation of larvae feeds rapidly, 
pupates at the end of July or August, adults emerging in August or September, 
According to Fiedler, the second generation does not survive the winter. 


FEEDING AND DAMAGE TO SEEDBEDS 


Cutworms feed on stems, foliage, and roots of seedlings, transplants, and weeds 
just above and just below ground level. Seedlings are usually cut off at or just 
above ground level, the cut stumps being seen only when the seedbed is closely 
examined. When the seedlings are of species which are particularly woody at the 
root collar, e.g. Abies spp., seedlings may only be girdled or stripped on one side 
(Fig. 3). 

Cutworms are active at night and are seldom seen during daylight, when they 
shelter under weeds or in tunnels. From the tunnels the cutworms emerge to 
gather food and bring it back to be eaten, sometimes leaving part of a shoot sticking 
out of an entrance hole. The presence of such holes with shoots sticking out isa 
sure sign of cutworm (Fig. 1). One larva will live in a tunnel system which may 
have up to four entrances; in time, part of the tunnel system becomes filled with 
greenish excrement. 

Cutworm damage, as well as being characterized by the cut-off seedlings and by 
the tops drawn down into holes, typically becomes conspicuous late in the season. 
Although seedlings may be girdled or partially cut through in June and early 
July when the larvae are very small, it is not until August or September that 
damage becomes obvious (see Fig. 4 below), and it may even be missed until early 
October. 

Cutworm can cause serious damage to forest nursery stock. Ryle (1926) reported 
losses of more than 50 per cent. of Scots pine through cutworm attack occurring 
between stocktaking in late August and the end of the growing season. In 1954 
seedling losses averaged 20-30 per cent. and reached a maximum of 45 per cent. 
on Sitka spruce seedbeds at Kennington Nursery, Oxford, while ‘severe’ attacks 
by cutworm have been reported on seedbeds of Norway (Picea abies) and Sitka 
spruce from Forestry Commission nurseries in North-east and North-west Con- 
servancies in England, on Sitka spruce seedbeds at Devilla Nursery in South 
Scotland Conservancy, and on seedbeds of Douglas fir (Pseudotsuga taxifolia) from 
Tair Onen Nursery in South Wales Conservancy. 

Light attacks on Abies spp. have been recorded from Kennington, while attacks 
on European larch (Larix decidua) transplants are noted by Ryle (1926). (This is 
one of the few records of cutworm attack on transplants and probably reflects the 
relative susceptibility of seedlings and the resistance of transplants to cutworm, 
presumably because of their greater size.) 

The number of Sitka spruce seedlings cut through by larvae of Agrotis segetum 
at intervals during the period of attack on control plots in experiments in 1955, 
1956, and 1957 is shown on Fig. 4 below. While the occurrence of damage to 
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Fic. 2. Larva of ‘Cut-worm’ Agrotis Segetum Schiff. x 2 


PLATE XVIII 











Fic. 3. Abies Grandis. Rising 2-++0 seedlings. Bark stripped by cut-worm 


PLATE XIX 
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seedlings can only partially be related to the intensity of feeding, the figure does 
illustrate when the most severe damage to crops in forest nurseries can be expected. 
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Fic. 4. Counts of Sitka spruce seedlings damaged by cutworm during 1955, 1956, and 1957. 


Data for the figure were obtained by periodically counting and removing all 
seedlings damaged by cutworm. In 1956 and 1957 experiment plots were isolated 
by 500 gauge polythene sheeting, one edge of which had been sunk 4 inches into 
the ground and the other projected 5 inches above the soil surface to prevent 
invasion of cutworms from adjoining plots. In 1955 plots were not isolated and 
counts were taken only at fortnightly intervals so that figures for this year are not 
as reliable as those for 1956 and 1957. 

In each of the 3 years during which counts were made, the rate at which seed- 
lings were damaged reached peaks in mid-August and in mid-September. Weather 
records for the relevant period in each year have been examined and no apparent 
correlation can be seen between the occurrence of the peaks and the weekly mean 
air temperature, weekly mean grass minimum temperature, weekly rainfall, the 
occurrence of heavy falls of rain or the occurrence of particularly low tempera- 
tures. The regularity of the pattern suggests that in each of the three years there 
have been two populations of larvae, perhaps a proportion of the first hatched 
larvae feeding early and pupating to give rise to a second generation in one year, 
and reinforcing the part of the first hatch which remains in the larval stage over 
the winter and pupates in the spring. 

Table I below shows the dates of commencement and cessation of damage to 
seedlings in 1955-7 and the date of cessation of damage in 1954. It will be seen 
that the period during which damage was observed also was remarkably constant 
in the 3 years for which records are available. 
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Taste I. Dates of commencement and cessation of damage by cutworm 








Date damage Date damage Duration of 
Year first seen ceased to be seen | period of damage 
1954 Not recorded 28th October Unknown 
1955 18th July 15th October go days 
1956 23rd July 20th October go days 
1957 12th July roth October gi days 














CONTROL MEASURES 


Control of cutworm until recently has been considered difficult. Digging and 
hand picking is reported by Ryle (1926) and Phelps (1936) and has been practised 
in recent outbreaks. Partridges were reported to come in large numbers to heavily 
infested ground at Ampthill (Ryle) while poultry are suggested as a means of 
keeping down numbers (Robinson and Jary, 1929). Trapping with small piles of 
weeds is recommended by Ryle and was found to be moderately successful at Tair 
Onen Nursery, South Wales, in 1955 but was not as good as cryolite (see below). 

The first mention of the successful use of chemicals to control cutworm in a 
forest nursery in Britain is by Gray (1935) who recommends the use of bran 
mixed with Paris green (a complex salt of copper acetate and copper arsenite), 
the mixture being scattered over infested seedbeds. The rate recommended, 
$ oz. Paris green in 10 oz. bran per 100 square yards (13 lb. Paris green in 30 lb. 
bran per acre), is higher and more concentrated than that given earlier by Lyle 
(1929) who reported that 1 lb. Paris green in $0 lb. bran spread at 10 |b. dry weight 
of mixture per acre gave 95 per cent. control of several species of cutworm in 
Mississippi. The rate currently recommended by the Ministry of Agriculture for 
the control of cutworm in farm crops is 1 lb. Paris green to 25 lb. bran per acre 
(Anon., 1950). 

Cryolite (sodium aluminium fluoride) has been reported successfully to control 
larvae of Agrotis segetum on apple and other fruit trees in a nursery in Sweden in 
1947 (Tunblad). The cryolite was mixed with bran and sugar and water in the 
proportions $0 parts bran, 3 parts cryolite, 2 parts sugar, and 40 parts water; the 
mixture was spread along the rows of trees in the evening, many dead and dying 
cutworms being found the following morning. Cryolite bait was also used to 
combat an infestation of cutworm at Tair Onen nursery. Dead cutworms were 
found 2 days after applying the bait; while 100 per cent. control was not obtained, 
reports indicated that cryolite was more successful than trapping. Shepard (1951), 
however, considers cryolite to be of little value for controlling cutworm. 

Most of the recently developed insecticides, DDT, BHC, dieldrin, aldrin, 
endrin, toxaphene, and heptachlor have been tested extensively against cutworm 
in America, but little work has been reported from Europe. Jacobson (1952) found 
that on plots treated with aldrin and dieldrin both at 8 oz. per acre, or chlordane 
at 24 0z. per acre, a count 14 days after ‘treatment showed a reduction of 70-80 
per cent. of 5th-6th instar larvae of Agrotis orthogonia, while gamma-BHC at 2 
and 4 oz. per acre, and toxaphene at 32 oz. per acre, gave ‘fair’ control; hepta- 
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chlor gave inferior results. Pfadt (1956) found that endrin at 0-2, 0-3, or 0-4 lb. 
acre, dieldrin at 0°375 or 0-5 lb. per acre, and TDE (an analogue of DDT) at 
1 or 2 1b. per acre gave good control, endrin being the best, but not significantly 
better than the others. Heptachlor at 0-5 lb. per acre and toxaphene at 2 lb. per 
acre gave significantly poorer control. 
Hunt (1955) recommends an aldrin/bran or dieldrin/bran mixture using } pint 
miscible oil (containing 14 oz. dieldrin or 3 oz. aldrin) in 25 lb. bran per acre for 
the control of cutworm in market garden crops in Britain. 


EXPERIMENTATION 

Experiments on cutworm control were carried out by the Forestry Commission 
Research Branch in 1955, 1956, and 1957 at Kennington Nursery, Oxford. The 
soil at this nursery is a sandy Joam with a pH of §-5-6:o. It is now 7°5 acres in area 
most of which has been taken in from agricultural land since 1945. The older 
part has been forest nursery since 1926. On one side the nursery is flanked by 
farm land carrying arable crops or grass ley, on one side there is woodland while 
on the other two sides there are houses and gardens. Cutworm has been found in 
the nursery regularly to a greater or lesser extent and in the year or two before 
experiments commenced, damage was quite severe. 

The first object of the experiment undertaken in 1955 was to determine whether 
any of the newer insecticides which might be used to control cutworm were 
phytotoxic. The second object was to determine the effect of the various insecti- 
cides against cutworm, should a sufficiently heavy attack develop. 

The experiment in 1955 included five materials, BHC, DDT, aldrin, dieldrin, 
and Paris green (Faulkner and Aldhous, 19572). BHC, DDT, and aldrin were 
applied both as dusts and as sprays, dieldrin was applied as a spray, while Paris 
green and also aldrin and dieldrin were applied with bran as baits spread over 
plots. Dusts and sprays were applied either at the time of sowing (and again in 
mid-September) or at the time of expected emergence of larvae or at the time of 
first visible damage. Baits were applied at time of first visible damage only and 
were renewed twice. Rates selected were the highest likely to be recommended 
for the control of insect pests. 

Table II shows the rates and times of application in the 1955 experiment. 

Each material was applied to a plot 3 feet by 3 feet. Plots were sown broadcast 
with Sitka spruce seed, and were separated by 1 foot of bare soil along the seedbed 
and by 1 foot 6 inch alleys between seedbeds. Materials were applied in the late 
afternoon to minimize any loss through volatilization before cutworms emerged 
above the soil. 

Assessment of seedling numbers and mean heights at the end of the growing 
season showed that no insecticide at the rates applied was phytotoxic to Sitka 
spruce seedlings, whether applied at the beginning of the season or at various 
times during the growing season. 

Counts of the number of seedlings cut through by cutworms were made at 
intervals of a fortnight. They showed that damage was occurring on all plots; 
however, it was not possible to say for certain whether damage occurred on all 
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plots because none of the insecticides were effective, or because plots on which 
cutworms had been killed by an insecticide were being reoccupied and attacked 
by cutworms moving in from other plots in the experiment or from similar plots 
in other adjacent experiments. 


Taste ll. Rates and times of application of insecticides used in Expt. Ken. 369, 1955 























Rate of active ingredient applied per acre 
Emergence 
Before sowing of larvae Visible damage 
Insecticide Formulation oth Mayt 15th Fune 18th Fuly 
BHC . | 34% crude BHC dust | 7 lb. crude BHC | 34 lb. BHC 34 lb. BHC 
10% miscible oil 8 oz. gamma-BHC | 4 0z. gamma-BHC | 4 0z. gamma-BHC 
(Each applied in 100 gallons water) 
DDT... | 5% dust 8 Ib. 2 Ib. 2 Ib. 
25% miscible oil 2$ Ib. 1} lb. 1} Ib. 
(Each applied in 100 gallons water) 
Aldrin . | 13% dust 2°8 Ib. 2°8 Ib. 2°8 Ib. 
30% miscible oil 3 Ib. 1 lb. 1 Ib. 
(Each applied in 60 gallons water) 

Bran bait ve ai *} pt. oil (3 oz 
aldrin) in 25 lb. 
bran 

Dieldrin . | 15% miscible oil 1} lb. $ Ib. $ Ib. 
(Each applied in 60 gallons water) 

Bran bait << *} pt. oil (14 07. 
dieldrin) in 25 
Ib. bran 

Paris green | Bran bait a ag Bb. m a Be 
bran 

















* Bran baits were applied on 18th July and also on 20th August and 23rd September. 
t All treatments in this column were applied again on 6th September. 


In an attempt to check some of the damage, treatments applied to plots before 
sowing were applied a second time at the same rate on 6th September. This 
second application appeared to be more effective as is shown in Table III below. 
It will be seen that aldrin and dieldrin brought about the greatest reduction in 
number of seedlings damaged; BHC and DDT also reduced the number of 
seedlings damaged but were less effective than aldrin or dieldrin. Bran baits with 
aldrin or dieldrin applied in mid-July, mid-August and mid-September also gave 
some control, but Paris green/bran bait appeared of little use. 

In 1956 the experiment carried out included BHC, DDT, aldrin, and dieldrin, 
all applied as sprays (Faulkner and Aldhous, 19570). Paris green was excluded 
because of its ineffectiveness in 1955 and its poisonous nature. Sprays were pre- 
ferred to dusts because they are easier to apply on a large scale, there being little 
difference in the effect of dusts and sprays in 1955. 

Materials were applied either at the time of first visible damage, or one month 
after the first damage had occurred. Table IV shows the rates and formulations 
applied in the 1956 experiments. 
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which , P , 
| Taste III. Fortnightly counts of Sitka spruce seedlings cut through by cutworm. 
tacked : . 
r plots Expt. Ken. 369, 1955- Totals for 3 square yard plots carrying approx. 3,000 seedlings 
Number of seedlings cut through 
" Total | Total | Total 
» 7955 ~ “ aes for 
“as Date eur 5 Se 1 See fe 7th | 7th | season 
—_- Insecticide} Formulation applied |13|27|10)24| 7|2r| 5| 19) Sept. | Sept. 
mage BHC. | 34% crude BHC | 6 Sept.* 3) 26) 57] 11] 22]}13] 2] oO] 113 15 128 
ly dust 
ns BHC. | 10% miscible oil | 6 Sept.* 1/27/52] 7] 7/23/1210] 94 |] 35 129 
| DDT . | 5% dust 6 Sept.* 71191771 7/41132] 7] oO] 151 39 190 
-BHC DDT . | 25% miscible oil | 6 Sept.* 1]21]52/19]37]21|] of o| 133 | 21 154 
Aldrin . | 13% dust 6 Sept.* 2/13/69) tr} 11] 1] 4] 1] 106 6 112° 
Aldrin . | 30% miscible oil | 6 Sept.* ©}20174] 9/16] 9] 5} 0] 119 | 14 133 
Dieldrin . | 15% miscible oil | 6 Sept.* o}1o}29] 4]22] 5] 4) 0] 65 9 74 
Aldrin . | Bran bait 18 July 
20 Aug. 0117/48] 5] 4] 5] 4] 1 74 10 84 
23 Sept. 
: Dieldrin . | Bran bait 18 July 
3 20 Aug. 7\11}28] 2] 2] 8] 2} 0] 50] 10 60 
25 lb. 23 Sept. 
Paris green | Bran bait 18 July 
20 Aug. 10] 29]. 97] 23}25]13] 314] 184 20 204 
23 Sept. 
+ 07. (0)t #6 7| 23] 56|14]28]39]22] 5 | 128 | 66 | 194 
in 25 
* These plots were also treated with the same materials at the same rate on gth May (before 
25 Ib. sowing). 
t Mean per 3 square yards of all other plots in the experiment. 
Taste IV. Rates and formulations of insecticides used in Expt. Ken. 387, 1956 
efore 
This Rate of active ingredient 
elow. Insecticide Formulation applied per acre 
on in BHC, . | 10% miscible oil | 8 oz. gamma BHC (applied in 
er of 100 gallons water) 
with DDT. se wn » | 2$ lb. (applied in 100 gallons 
water) 
gave Aldrin, teh & + | 3 lb. (applied in 60 gallons 
water) 
drin, Dieldrin . ee: » | 14 Ib. (applied in 60 gallons 
uded water) 
pre- 
ittle Treatment plots were identical in size with those in the 1955 experiment except 


that each plot was isolated from its neighbours by a sheet of polythene sunk 
onth 4 inches into the soil and projecting 5 inches above the soil surface. As soon as the 
tons first visible damage occurred, a daily count of seedlings cut off was made and such 
seedlings removed. 
$355.2 M 
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Table V shows the total number of seedlings cut off on plots of each treatment 
(there were six square yard plots per treatment, each square yard plot carrying 
approximately 1,100 seedlings). 


Tase V. Weekly counts of seedlings of Sitka spruce cut through by cutworm. Expr, 
Ken. 387, 1956. Totals for 6 square yard plots carrying approx. 7,000 seedlings 














Total 
Date Fuly August September October ry . “ 
Insecticide applied | 28 | 4 |1r| 18 | 25) 1 | 8 | 15 | 22 | 29] 6 | 13) 20) season) Aug. 
BHC . - | 23 July | 14 [30]28] 29]25])15]20] 37] 18]17] 12] 11] 6] 262 
DDT . . | 23 July | 18] g}ro] 6)1o] 2] 7] ar] 13] rs]1z] 4] 2] 114 
Aldrin . . | 23 July 9] oO] of 3] 2] of tr] 2] of 3] of tr] 1] 22 
Dieldrin . | 23 July 8] o] of of 2] 1] 1] 3] of © 1] of Wl ., 
a . | 20 Aug. | 25 | 40/62] 96/ 93/63/63] 75] 88] 67/34/33) 16) 755 | 439 
DDT . . | 20 Aug. | 24 143] 42] 54/38]}11]15] 13] 6] 7] 8] 5] 2] 268 67 
Aldrin . . | 20 Aug. | 25 | 58] 56] 1031/43] 4) 2] 5] 2] 21 r] 1] 2] 304] 19 
Dieldrin . | 20 Aug. | 21 135177] 79137) 6] 1] 1] Of 1] 1] of of 259] 10 
Control: 
no insecticide 
G). , es 21140155] 58] 40] 56] 49] 107] 85] 81131] 36) 11] 670 | 456 
(ii) . ‘ we 26 | 421/72] 90] 84] 54] 72] 118] 102] 76/41] 29] 16] 822 | 508 
(ili), + 1§ 137/49] 41] 30/52/30] 63) 57] 45|32]25| 10) 486 | 314 





















































Statistical analysis of these figures (transformed by log (x+-1) for the purposes | 
of the analysis) confirm the significance of the low level of damage in plots sprayed 
with aldrin and dieldrin when applied at the time of first visible damage (23 July), 
and also the sharp reduction in damage following the spray applied on 
zoth August. DDT when applied on 23rd July very significantly reduced the | 
number of damaged seedlings but was appreciably less effective than aldrin or 
dieldrin; similarly, when applied on 2oth August, DDT significantly reduced the 
number of seedlings damaged thereafter but was less effective than aldrin or 
dieldrin. BHC whether applied on 23rd July or on zoth August had no effect on 
the number of damaged seedlings. 

Assessment of the height of seedlings at the end of the growing season showed 
there to be no reduction in height growth on plots treated with insecticides, but | 
rather a small but significant increase in height. 

In the 1957 experiment, only aldrin and dieldrin were applied (Faulkner and 
Aldhous, 1959). Both were applied as a spray either at the time of expected larval 
emergence or at the time of first visible damage or one month after first visible 
damage. Both materials were applied in the same form and at the same rate asin 
the 1956 experiment; similarly, plots were of the same size, sown with Sitka spruce | 
and isolated by sheet polythene, sunk 4 inches into the ground with 5 inches 
projecting above the soil surface. 

An additional treatment was included in this experiment, namely, a drench of 
water at the rate of 1 gallon per square yard (equivalent to 0-22 inches of watet) | 
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at the time of application of the insecticide. This treatment was included follow- 
ing reports that cutworm attack was substantially reduced by heavy rainfall or 
where the soil was periodically drenched with water or irrigated (Beirne, 1955; 
Smith, 1948; Fiedler, 1937). 

Counts of seedlings cut off by cutworm were made daily, as soon as the first 
damage was observed. Table VI below shows the weekly totals of Sitka spruce 
seedlings cut off by cutworm on each treatment plot. 


Taste VI. Weekly counts of Sitka spruce seedlings cut through by cutworm. Expt. 
Ken. 394, 1957-Totals for 4 square yard plots carrying approx. 4,400 seedlings 




















‘Sin Fuly August September Oct. 7. 

Treatment applied |18)25| 1 | 8 | 15| 22] 29] 5 |12|19|27] 4 | IZ | season 

Aldrin . ‘ ‘ - | 8 June | 2] 1] 2] 2] ri 4] 2] 8] 3] 84 of Of Of 1I9 

Aldrin+water drench . | 18 June | o| of] 4] of 1] 1] Of Oo} of of of I] 0 4 

Dieldrin ; ; . | 18 June | 1] of of of 1] of of of 1] of of 1] t 5 

Dieldrin+-water drench . | 18 June | 0] o] of of of of of of of of of of o ° 

Aldrin . ; : . | 1 July 3] Of Of of of of of of 2] of of Tt] o 6 

Aldrin+water drench. | 11 July 3} 2] of] of of of of of of of of of o 5 

Dieldrin , ; . | 11 July 1] of of 1] 1] of of of of 2] of of o 5 

Dieldrin+-water drench . | 11 July 3] 1] Of of of of of of 1] of of of o 5 
(141)t 

Aldrin . ; : . | 15 Aug. [29] 19]37]35]2r]rr] o} 1] 1] 1] 1] of of 156 
(125)t 

Aldrin+water drench. | 15 Aug. | 10/14] 28] 45]28| 12] 0] o] of] of} of} of of 137 
(139)t 

Dieldrin ; . | 15 Aug. |14]27]35]/39]24|17| 5] 2] 2] 1] of 2] of} 168 
(231)t 

Dieldrin+water drench . | 15 Aug. | 23] 42] 72] 61]33|13| 2] o] 2] o] of 1] of 249 
(136)t 

Control: no insecticide . a 9| 24] 28] 42 | 33 “ei 11] 12]24]13] 6] of] 243 
Control: no insecticide+ (98)t 

water drench applied . | 18 June [16] 15]21]15/31/17] 9] 3] 7] 9] 4/11] 2] 179 
Control: no insecticide+ (119)t 

water drench applied . | 11 July | 11] 29] 18] 25 . 32] 15]}25] 11] 16) 10] g| 271 
Control: no insecticide+ (73)t 

water drench applied . | 15 Aug. | 7| 7/15] 16 28 | 34| 14 g|26]23] 15|15| 2] 201 












































+ Total number of damaged seedlings to 15th August. 


It will be seen from Table VI that both aldrin and dieldrin applied in mid- 
June and mid-July reduced the number of seedlings damaged by cutworm to 
an extremely low level, while the same materials applied in mid-August also 
reduced damage to a very low level after the first week after application. In this as 
in the 1956 experiment, sprays required 3-4 days to take effect. The addition 
of a water drench gave a slightly though not significantly greater reduction in 
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damage, but this was not sufficient to justify the cost of the added wate 
applications. 

The mean height of seedlings on plots sprayed with aldrin or dieldrin was 
slightly but significantly greater than the mean height of seedlings on the control 
plots. 

In 1956 experiments were also carried out in Scotland at Fleet, Kirkcudbright. 
shire; Bush, Midlothian; and Newton, Morayshire; in all of these experiments 
the phytotoxicity to Sitka spruce seedlings of aldrin and dieldrin applied at rates 
of up to 1 lb. 11 oz. of aldrin and up to 3 lb. 6 oz. of dieldrin before sowing was 
tested. Both materials were applied as a spray of miscible oil containing 15 per 
cent. dieldrin or 30 per cent. aldrin; the oil was applied in approx. 44 gallons 
water per acre, and the sprayed ground was lightly cultivated following applica- 
tion. Seed was sown on the same day, after completion of application of the 
insecticides. 

In none of the experiments did any treatment have any effect either on seedling 
numbers or on mean height of seedlings. 


CUTWORM CONTROL IN STOCK BEDS, ETC. 

Since 1956, stock beds and other nursery experiments in Kennington Nursery 
have been sprayed with either aldrin or dieldrin depending on the supplies of each 
material at the time. The rate applied was } gallon miscible oil containing 30 per 
cent. aldrin or 15 per cent. dieldrin (the rates recommended by the manuv- 
facturer) in 100 gallons water per acre, sprays being applied in mid-July in 1957 
and 1958 (i.e. as soon as cutworm appeared) and in early August in 1956. All 
the common conifer species have been sprayed in this way, and no damage by 
either insecticide to the seedling crop has been observed. Good cutworm control 
was obtained in all three years. It is proposed to continue spraying in mid-July 
in future years as a precautionary measure. 


COST OF CONTROL 

The cost in 1959 of miscible oil containing 30 per cent. aldrin or 15 per cent. 
dieldrin is a little over £3 per gallon for either material, aldrin being slightly the 
more expensive. Spraying at the rate of 4-1 gallon of oil in 100 gallons water per 
acre will cost 325.-655. per acre for materials plus 10s.-20s. per acre for application 
according to the available equipment. Thus the maximum cost is 85s. For most 
conditions, spraying at the lower rate can be expected to give good results at a 
cost of about 50s. per acre. This is a remarkably cheap treatment, and foresters 
who have experienced cutworm attacks in the nursery should seriously consider 
a spray on seedbeds in mid-July each year as a precautionary measure. 


CONCLUSIONS AND RECOMMENDATIONS 

1. Cutworm can be controlled by the application of either dieldrin or aldria 
at rates of 4-1 gallon of miscible oil containing 15 per cent. dieldrin or 30 per cent. 
aldrin per acre; the oil can be diluted to make a spraying volume of 60 gallons 
per acre, but if it is possible to increase the rate of application of water, this wil 
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probably be beneficial. (If a tractor-mounted sprayer is available, 100 gallons 
water per acre is probably the maximum rate easily applied.) 

2. The best time of application of insecticide to control cutworm is from the 
second half of June until mid-July, i.e. shortly before or at the time first visible 
damage occurs. In practice, nursery foresters may want to await the first signs of 
damage before spraying. Delay in application after damage has occurred only 
results in losing seedlings during the period of delay; a late application of insecti- 
cide will still kill those larvae in the treated area. 

3. The greatest damage is done to seedbeds between the second week in August 
and the second week in September. There is little point in spraying to control 
cutworm after the second week in September, as by this time most of the damage 
has been done. 

4. In the experiments with aldrin and dieldrin, the makers’ recommendation to 
spray in the late afternoon has always been followed. By application late in the 
day, the insecticides (which tend to volatilize in warm conditions) have the best 
chance of reaching the larvae while they are actively feeding, which is at night. 
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INSECTICIDAL CONTROL OF THE PINE LOOPER 
IN GREAT BRITAIN 


I. Aerial Spraying 
By MYLES CROOKE 


(Forestry Commission Research Station) 


SUMMARY 


An investigation was started in 1952 into the biology and forest status of Bupalus piniarius 
L., a potential menace to large areas of pine plantations reaching vulnerable stages in Great 
Britain. In 1953 an epidemic was observed at Cannock Chase, the first to be recorded in Great 
Britain, and in the winter of 1953-4 extensive sampling revealed a number of other pine 
forests with abnormally high pupal populations, notably Culbin Forest in Morayshire. 

The paper gives a detailed account with two maps and several tables of the measures taken 
in 1954 to combat the outbreak at Cannock and to anticipate it at Culbin. It discusses the 
decision to spray DDT from the air; the delineation of treatment areas; laboratory tests on 
toxicity; spray droplet size and crown penetration; methods used to select starting date. It 
describes the spraying operations themselves, the effects of weather, the provision of markers 
and the subsequent check. The results are given under mortality counts and shoot assessments. 
Annual pupal counts up to 1957-8 are given in detail in two long tables. The operation at 
Cannock is regarded as reasonably successful but was possibly not really needed at Culbin. 
Both provided valuable experience for future control work. 


I. INTRODUCTION 
N 1952 an investigation was started into the biology and forest status of the pine 
looper, Bupalus piniarius L., in Britain. This was made since it was felt that, 
although the species is an indigenous one and had hitherto not caused any serious 
damage to pine stands in this country, the insect was a potential menace to the 





numerous Forestry Commission pine plantations which were approaching or had | 


entered stages of growth susceptible to infestation. In the autumn of 1953 an 
epidemic of the looper was discovered at Cannock Chase Forest in Staffordshire. 
At that time it had resulted in the complete defoliation of over 100 acres of 
31-years-old Scots pine (Pinus silvestris L.) and the partial defoliation of trees on 
a considerably larger area. 


During the preliminary studies referred to above, simple and reasonably | 


accurate methods of pupal sampling had been developed. In the winter of 1953-4 
these methods were used to make a complete survey of the pupal populations 
throughout all the pine stands at Cannock Chase; and, as a precautionary 
measure, all pine stands in the country which were considered liable to infestation 
were also surveyed. This latter extensive survey revealed that a number of forests 
had abnormally high populations of the looper; in particular, at Culbin Forest in 
Morayshire, the pupal population averaged about 12 per square yard over some 
3,500 acres. 

The distribution of pupal counts at Cannock indicated that the area of attack 
could he expected to increase in 1954 and that some form of large-scale artificial 
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control operation would be necessary in an effort to save fairly extensive areas of 
the crop. There was no reason to assume from the figures of pupal parasitism 
(Section III. 2, D below) that a natural collapse of the outbreak would intervene. 
On the contrary, continental experience indicates that epidemics of the pine 
looper when they have reached a stage comparable to that at Cannock seldom die 
out before irreparable damage has been inflicted on the crop. Sudden collapse of 
an outbreak, due usually to unknown causes, is so infrequent as hardly to merit 
consideration when so much is at stake. 

The situation at Culbin was different. No perceptible damage to the crop had 
occurred in 1953 but the high pupal counts revealed by the survey indicated the 
probability of damage occurring during the summer of 1954. Here, the decision 
to institute control measures over the very considerable area involved was based 
not only on the threatening proportions attained by the pupal population but 
also upon consideration of the crop conditions and site factors obtaining in the 
forest. The generally poor conditions of growth coupled with the fact that 
recovery from any attack could be expected to be poor on this inclement site 
where water deficiency has been shown to be of importance (Ovington, 1950) 
weighed heavily against running a risk of defoliation if it could in any way be 
prevented. 

Accordingly, the decision was taken to apply insecticides over approximately 
2,500 acres at Cannock and 3,500 acres at Culbin. When dealing with such rela- 
tively large areas and when, in addition, the time factor was important, aerial 
spraying was considered to be the only practicable method of insecticidal applica- 
tion. At that time little was known about what now appears to be the only 
feasible alternative—namely, the use of fog generators—and, in fact, the use of 
these generators was never seriously debated. 

The remainder of this paper is devoted to an account of the preliminary work 
undertaken prior to the spraying operations, of the organization of these and the 
techniques used, and of the results obtained and how they were assessed. 


I]. PRELIMINARY STUDIES 
1. The decision to employ aerial spraying of DDT 


Many methods have in the past been advocated for the control of the pine 
looper. Some of the older recommendations were directed against the pupae 
which can be destroyed by herding pigs or poultry on infested areas (Escherich, 
1931), or by burning (Goesch, 1929) or raking or digging over the litter (Wolff, 
1913). More recently, however, attention has been directed towards the use of 
chemical insecticides against the larvae and, in particular, towards the application 
of these insecticides from aircraft. Ground dusters or sprayers have sometimes 
been employed (Schwerdtfeger, 1930), but in general since about 1930 most of 
the control projects, in which arsenicals have been the insecticides most frequently 
used, have relied on aerial application (Schimitschek, 1941; Tziopkalo, 1932; 
Kushev, 1939). In the mid-1940’s an outbreak of B. piniarius in Sweden was 
combated by aerial dusting using the recently developed and highly efficient 
insecticide DDT (Butovitsch, 1947). 
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More generally, with forest defoliators as a whole, it has become almost standard 
practice to employ the aerial application of insecticides when outbreaks haye 
occurred. The vast Canadian projects against the spruce budworm, Choristoneur, 
fumiferana Clem. (Balch et al., 1954), various operations in Europe against the 
nun moth, Lymaniria monacha L. (Schedl, 1949, Groschke, 1951) and Dendrolj. 
mus pini L. (Kalandra and Kolubajiv, 1954), and the New Zealand work agains 
the pine feeding looper Selidosema suavis Butl. (Anon., 1952) are examples of this, 
In recent years increasingly wide use of DDT has been made in these project; 
and there are adequate data available on the normal effective dosage rates to be 
used in such forest operations. On this basis of foreign experience it was decided 
that the most practicable method of controlling the British outbreaks of the pine 
looper was to employ aerial spraying of DDT at the rate of 1 |b. of active in- 
gredient in 3 gallons of spray liquid per acre. 


2. Delineation of the treatment areas 


At Culbin Forest, in view of the special characteristics of the crop and of the 
more uniform distribution of the infestation as compared with Cannock, it was 
decided to put down a complete blanket treatment over all compartments of 
suitable age class. This area is shown on the map (Fig. 1). At Cannock, in contrast, 
the delineation of the treatment areas was more selective. Parts of the forest— 





e.g. the main north reaching arm of the forest—where pupal counts were low and 
treatment not urgently required were excluded from treatment partly on the 
grounds of economy and partly to see how these low population areas would 
develop without insecticidal interference. Other areas with just as low pupil 
counts were treated so that the effect of aerial spraying on those low population 
could be assessed; and a few compartments of relatively high population—notably 
compartment H. 4—were left untreated so that the development of these popul:- 
tions could be traced. Fig. 2 shows the treatment areas at Cannock. 


3. Laboratory tests on the toxicity of DDT to larvae ef B. piniarius 


Although Swedish experience has shown that DDT is sufficiently toxic to pine 
looper larvae to yield good results in field use when applied as a dust, and although 
it is well known that DDT is an effective poison for many Lepidopterous cater- 
pillars, some laboratory tests were carried out prior to the main control operation 
to determine the toxicity of this insecticide to young larvae of B. piniarius. 

Experiment 1. Pine transplants approximately 12 inches in height were infested 
with either first or second instar larvae of the pine looper. Seven of these trans- 
plants (three with first instar and four with second instar larvae), each in a 5-inch 
pot, were placed at random over an area of one square yard. The whole of thi 
area was then sprayed with a commercial concentrate of DDT in oil which had 
been diluted with water to a concentration of 3-3 per cent. DDT. This wa 
applied at the rate of 2-8 c.c. per square yard, which is equivalent to an applic 
tion rate of 1 lb. DDT in 3 gallons of spray per acre. The treatment was carried 
out with a Four Oaks pressurized sprayer fitted with a Watson nozzle No. F. | 
1.35, and the desired application rate was achieved by moving the sprayer to at(| 
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andard fro over the square yard at a height of 3 feet for 44 seconds. After spraying the 
S$ have infested trees were fitted with cardboard platforms 1 foot square round the base 
oneurg ofeach stem and placed on a bench covered with white paper. All moribund and 
ist the dead larvae falling on to the platforms or bench were counted at 1, 3, and 6 hours 
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Fic. 1. Culbin. Bold figures = Mean pupal count per square yard for compartments sampled in 

) pine winter 1953-4. Heavy lines enclose areas sprayed in summer 1954. 
ough | , 
aime | after treatment, and at 1 day and 4 days after treatment complete counts of live, 
sii moribund, and dead larvae on and off the plants were made. Counts were also 

made on four trees, two infested with first instar and two with second instar 
taal larvae, which were untreated and acted as controls. 
i The conditions under which the tests were carried out were: 
-inch 
f this | Taste I. Experiment 1: Temperature and humidity conditions during 
a had | treatment and assessment 
on Temperature Re lative 
ried Dry Wet bumidity 
F. % During treatment . 3 60° F. se P. 72% 
5 and After treatment . P 60-70° F. 55-65° F. 53-75% 
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Fic. 2. Cannock Chase. Bold figures = Mean pupal count per square yard for compartments 


sampled in winter 1953-4. Hatched area = Area sprayed in summer 1954. 


The results obtained are tabulated below. 


Taste Il. Experiment 1. Numbers of moribund and dead first instar larvae of 
B. piniarius after treatment 





Time after treatment 





Total 
Tree | no. of 


no. |larvae| M D M D M D M D M D 


I hour 3 hours 6 hours 24 hours 4 days 








1a 67 ojo 10 5 25 7. a 32 | oO 5 
1b 249 sis 61 95 48 | 189 8 | 241 | o | 249 
Ic 130 29 | © 45 45 50 64 16 114] 0 13 





Total 446 | 104 | 5 | 116 | 145 | 123 | 260 | 45 | 387 
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M = number moribund; D = number dead. 
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Taste III. Experiment 1. Numbers of moribund and dead second instar larvae of 
B. piniarius after treatment 

















Time after treatment 
[Total 
Tree \'00. of I hour 3 hours 6 bours 24 bours 4 days 
no. |larvae} M|D|M{|D|M|D|M D{i|M{| D 
2a 56 oo 2,of ats 38 | 11 | o 56 
2b 59 olo ofo 3] 0 30 | 26] o 59 
2¢ 78 S$ioj] aio] @jo 48 | 29 | © 77 
2d 53 C18) MIDI Sis 34 | 18 | o 53 
Total 246 |} 13 |] 1 | 54] 1 1 98 | t | 150 | 84] oO | 245 






































M = number moribund; D = number dead. 


During the 4 days’ observations no dead or moribund larvae were found out of 
the 115 first instar and 96 second instar larvae present on the four untreated 
transplants. 

A summary of the results is given below: 


TasLe IV. Experiment 1. Summary of percentage knockdown and mortality of 
B. piniarius larvae after treatment 








% knockdown (= M and D): % mortality: 
hours after treatment hours after treatment 
I 3 6 24 96 I 3 6 24 96 





Ist instar , | 24°4 58-5 85-8 969 96-9 Iel 32°5 58°3 86:8 969 
and instar . 5°7 | 22°4 | 40°2 | 95°2 | 99°7 | 4 O*4 O4 | 3471 99°7 



































Experiment 2. This test was set up on the same lines as for the first experiment, 
but second and third instar larvae were used as the test subjects and a mixed 
population of these was used on each tree. Also, the sprayer was fitted with a 
Tee jet, nozzle No. 8001, and the spraying time to effect correct dosage over the 
square yard was 0-5 second. 

The conditions under which this test was carried out were: 


Taste V. Experiment 2. Temperature and humidity conditions 
during treatment and assessment 




















Temperature Relative 
Dry Wet humidity 

During treatment . , 61° F. 60°8°-F, 100% 
After treatment . , 68-70° F. 65-66° F. 81-85% 
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Three unsprayed control plants were set up in the laboratory with the sprayed 
plants. During the 36 hours of observation no dead or moribund larvae were 
found on them. The three trees harboured, respectively, 42, 14, and 35 larvae, 
but the count did not distinguish the numbers in each of the two instars. 

Conclusions. ‘These two experiments show that, under almost ideal laboratory 
conditions, spraying with DDT at the rate equivalent to 1 lb. of active ingredient 
in 3 gallons per acre is very effective against the first three larval instars of B. 
piniarius. Experiment 1 indicates that the knockdown rate is quicker for first 
instar larvae than for second instar larvae; experiment 2 indicates that there is no 
appreciable difference in the knockdown rates of second and third instar larvae 
but that the mortality rate of the latter is markedly slower initially, although 
approximately the same percentage mortality is reached in both cases in 36 hours. 
Direct comparisons between experiments 1 and 2 are not possible because of the 
different types of nozzles used and hence of the coarseness of the sprays obtained. 
It would appear that the Tee jet nozzle No. 8001 is slightly more effective than 
the Watson nozzle No. F. 80 1.35 which produces a very fine droplet. Results 
with the former are probably more comparable with those obtained in the field 
by aerial spraying at the rate of 3 gallons per acre, in so far as any comparison of 
field and laboratory treatments is at all permissible. 

To sum up, these two experiments were encouraging in confirming that B. 
piniarius larvae were susceptible to DDT, the poison proposed for use in the field 
control programme. Further, the good kills obtained with the later stage larvae 
indicated that no very serious disadvantages might accrue even if field work had 
to be continued until third instar larvae were present, although general con- 
siderations warranted applying the field treatments at the earliest possible stage 
before crop damage was incurred or aggravated. 


4. Spray droplet size, and penetration of spray into pine crowns 


To obtain adequate distribution over the large leaf area of the pine canopy 
and to provide good contact action against the rather minute early stage larvae, 
it was considered desirable to employ a fairly small spray droplet size. Tests 
carried out with an Auster aircraft showed that this could be obtained by using 
fan type nozzles No. 8006, with 34 nozzles to the spray boom, and pointing these 
forward into the slipstream. Operating at a pressure of 55 lb. per square inch, 
this arrangement sprayed 3 gallons per acre when the airspeed was 65 miles per 
hour and the swath width 50 feet. 

In a test carried out about one week prior to the start of the main field spray- 
ing operations, spray samples were caught on silicone treated slides and showed 
the range of frequency of droplet sizes to be as shown in Table IX. 

As will be seen from Table IX, the droplet sizes varied from just under 
25 microns to 200 microns with a high proportion (82-5 per cent.) of the mass 
between 50 and 175 microns. Using the mid-diameters of the size classes to calcu- 
late the volume of the spray droplets, the mass median diameter of the spray was 
125 microns. 
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Taste IX. Range, frequency, and percentage by mass of spray droplets 








Droplet diameter | % of droplets | % of droplets 
microns by number by mass 
0-25 6:0 ee 
26-5o.—Cti; 20°7 I*4 
51-75 30°0 gt 
76-100 20°7 17°2 
1OI-125 10°7 18-9 
126-150 7°3 23°5 
151-175 2°6 13°8 
176-200 20 16-1 











Another test carried out on the first day of field spraying at Cannock confirmed 
the above results. Also, in this trial the slides were sited at different positions in 
the crowns of 31-year-old pines in compartment H. 38 at Cannock and from the 
coverage on these slides it appeared that the spray penetrated well both vertically 
through the crowns and horizontally into their interiors. 


5. Methods used for fixing starting date of spraying 


The main theoretical considerations to be taken into account in fixing the 
starting date of the field spraying were, firstly, that all of the larvae should be 
hatched from the eggs and, secondly, that these larvae should be in as early a 
stage of development as possible. This second condition is desirable from two 
points of view. Firstly, that if submitted to treatment as early as possible the larvae 
would not have caused much damage to the crop since feeding is slight during the 
first three instars; and, secondly, because on general grounds insecticidal treat- 
ments could be assumed to be more efficacious against younger rather than older 
larvae. 

The two main desiderata are in some ways antagonistic since the emergence of 
adults of B. piniarius from the pupae covers a fairly protracted period. Conse- 
quently, rather wide discrepancies in the stages of development reached occur 
when the population in the field is considered as a whole. In practice, the deter- 
mination of the starting date had to be made as a compromise between the two 
desired conditions. The decision was, in fact, based on data collected on the rate 
of adult emergence and on the rate of larval hatching from the eggs. Although 
both of these methods were employed at both Cannock and Culbin, the starting 
date at Culbin was fixed not on this information but merely, because of practical 
considerations, as closely after the finish of the work at Cannock as possible. By 
having sets of data available for both forests, however, it would have been possible 
to detect whether development at Culbin was so significantly in advance of that 
at Cannock as to merit making the insecticidal applications in the former forest 
first. Such a situation would in any case have been unexpected and did not in 
fact arise. 

A. Assessments of adult emergence. At each forest 50 pyramidal cages, simply 
constructed of hessian on a wood and wire framework and each covering an area 
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of one square yard, were laid down in pairs along selected transects and daily 
records of the number and sex of hatching adults made. At Cannock the cages 
were sited along a line running from an area of high infestation to areas of lower 
infestation (compartment H. 30 north-west to compartment A. 102). The dis- 
tance between the pairs of cages was approximately 110 yards, whilst 10 yards 
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Fic. 3. Graph of adult emergence counts by days, Cannock Chase. Solid line = total adults. 
Dotted line = female adults. 


separated the two cages of a pair. At Culbin, two transects were used, one running 
ftom compartment 6 to compartment 51, the other from compartment 5 to com- 
partment 50. Again, the two cages in a pair were separated by 10 yards whilst the 
distance between the pairs was approximately 200 yards. At each forest, by 
grouping the daily hatching figures from the 50 traps, a graph could be con- 
structed showing the trend of adult emergence during the whole flight period. 
At Cannock emergences continued from 15th June until 7th August, and the 
usual preponderance of males over females in the earlier part of that period and 
the reversal of this condition in the latter part was recorded (Fig. 3). As the graph 
progressively developed during the flight period it was possible to discern the peak 
of adult emergence, and on 12th July the decision was taken that the peak had 
been passed and that adult emergences could be expected to decrease fairly rapidly 
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after that date. Calculating from this rather arbitrarily selected date and making 

the generalization that the average time from adult emergence to hatching of the 
larva from the egg would be 28 days, the date for the commencement of the 
control action was fixed for 12th July plus 28 days—i.e. gth August. By then the 
progeny of all females hatched on or before 12th July could be expected to be 
present as larvae. Obviously, using a method as rough as this, discrepancies be. 
tween the theoretically desired conditions and those obtaining in practice were 
great. For example, the progeny of the earliest hatched females could be expected 
to be approaching the third instar larval stage by 9th August; while some of the 
later hatching females would not have deposited their eggs by this date. None the 
less, a start on gth August appeared to be the best practical compromise since: 


(1) by 9th August an estimated 81 per cent. of the expected larval population 
would be present as larvae; 

(2) the control operations would last for some days during which the above 
percentage of larvae would increase; 

(3) there were the indications previously referred to (Section II. 3) that fairly 
old pine looper larvae are susceptible to DDT poisoning; and 

(4) the individuals comprising that small proportion of the population, 
derived from the latest hatching females, which at the time of spraying 
had not reached the larval stage would have little likelihood of successfully 
completing their development after such a late start, even if they escaped 
the residual effects of the treatment when they did hatch from the eggs. 


B. Shoot samples; rate of egg hatching. At both Cannock and Culbin various 
compartments were selected and in each of these 110 trees were chosen to provide 
crown samples. The objective of this crown sampling was to provide information, 
firstly, on the rate of egg deposition and hatching and, secondly, on pre- and post- 
treatment larval numbers. The compartments selected were, at Cannock, H. 25, 
A. 76, A. 93, H. 4, and L. 1, and, at Culbin, 6, 50, 73, 112, and 125. The choice 
of the sample trees was made on the basis of a stratified random sample whereby 
the compartment was straddled by ten parallel and equidistantly spaced transects 
and along each of these eleven equidistantly spaced trees were located, the first 
being 11 yards in from the compartment margin. These trees were numbered 
consecutively and at each weekly inspection ten trees were sampled. These ten 
trees comprised two groups of five whose numbers were chosen from a table of 
random numbers. A measure of sample linkage was introduced since the second 
group of trees examined at one visit became the first group to be examined at the 
next visit. 

At each visit two branches were removed from each tree crown. The first of 
these came from one-third and the second from two-thirds of the way up the live 
crown, which was defined as the distance between the tip of the leading shoot 
and a point midway between the lowest living branch and the lowest living whorl 
of branches. The method used was for one operator to climb the tree by means of 
an aluminium ladder, be directed to the appropriate crown level by another 
operator on the ground, cut off the selected sample branch, place it in a muslin 
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bag, and bring it down for examination. The actual sample comprised, however, 
not the whole of the branch so removed but only two parts of it, namely, the 
whole of the 1953 whorl of shoots and the largest side shoot from the 1951 whorl. 
Thus each tree provided four sub-samples at each visit. These were known respec- 
tively as the top sample (the branch from two-thirds of the way up the living 
crown) divided into the ‘top branch first shoot’ (the whole of the first—1953— 
whorl back from the branch tip) and the ‘top branch second shoot’ (the largest 
side shoot from the third—1951—whorl back from the branch tip); and the 
‘bottom sample’ (the branch from one-third of the way up the living crown) 
similarly divided into the ‘bottom branch first shoot’ and the ‘bottom branch 
second shoot’. Each of these four samples was examined and the following data 
recorded for it: 


1. Total length of the shoot. 

2: Total foliated length of the shoot. 

3. The number of eggs present, distinguished as unhatched, hatched, or parasi- 
tized. 

4. The number of larvae present. 


Of the five compartments sampled at Cannock, compartment H. 25 (in the area 
ofhigh infestation) provided the main mass of data. This is not surprising because 
of the very dense egg population present there. For example, a count was made 
of all eggs on a single crown in compartment H. 25 and this yielded the figure of 
11,566. In contrast, as determined from. three crowns, the average total number 
of eggs per crown in compartment H. 4 was 189; in compartment L. 1, as deter- 
mined from five crowns, it was 466. The figures for compartment H. 25 can, 
however, be taken as representative of the rate of egg hatch of the forest as a whole. 


Taste X. Compartment H. 25, Cannock—Numbers of eggs and percentages 








hatched by dates 
Total eggs 

per 1,000 in.| Per cent. 

Date of shoot batched 
28/6 100 ° 
6/7 1,040 ° 
12/7 2,040 ° 
19/7 4,400 ° 
26/7 1,220 6 
2/8 670 22 
8/8 3,800 46 
15/8 2,050 77 
21/8 1,630 88 
26/8 2,120 88 
3/9 2,260 92 
14/9 1,000 100 
20/9 1,290 100 
28/9 1,260 99 
6/10 230 100 
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From Table X and Fig. 4 it can be seen that on gth August some 51 per cent, 
of the eggs had hatched as opposed to the 81 per cent. which it had been estimated 
would have been hatched on that date. The percentage of hatched eggs increased 
rapidly until on 15th August it was 77 per cent., and when compartment H. 2; 
was sprayed on 16th August the percentage of hatched €ggs was approximately 


80 per cent. 
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Fic. 4. Accumulated percentage egg hatch. Compartment H. 25, Cannock Chase, 1954. 


III. THE SPRAYING OPERATIONS AND THE RESULTS OBTAINED 
1. General Organization 


Two Auster aircraft were used in the control schemes. At Cannock they worked 
from a large pasture field about one mile west of the boundary of the forest, and 
at Culbin they operated from Kinloss aerodrome which is situated some two 
miles from the eastern tip of the forest. Refilling was effected from a specially 
equipped tender and was reasonably expeditious. No ground to air wireless com- 
munication was available and contact between the party on the spraying site and 
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the pilots was, therefore, restricted to visual signals whilst more detailed messages 
were carried by a dispatch rider between the spraying site and the landing ground. 

The general organization of the operations worked well on the whole and only 
two major sources of delay were encountered. These were adverse weather condi- 
tions and the difficulty of providing adequate markers to guide the pilots on their 
fight lines. 

A. Effect of weather. No spraying was attempted during rain or immediately 
after it before the pine foliage had dried off to some extent, or when the wind 
speed was estimated to exceed approximately 5 miles per hour. No anemometer 
readings were taken to check wind speed and in marginal cases the decision to 
continue or stop spraying was made after observations of the behaviour of the 
spray cloud after emission from the aircraft. The period during which spraying 
operations were in progress at Cannock—8th to 25th August—was characterized: 
by generally high wind speeds and heavy and prolonged rainfall. (At 4-15 inches 
the rainfall for the month of August 1954 at Birmingham Meteorological Station, 
one of the nearest available recording centres to Cannock, was 153 per cent. of 
average. Comparable figures for Birmingham (Sparkhill) were 3-65 inches and 
127 per cent.) Delay occasioned by weather was, therefore, at Cannock a serious 
factor. Spraying, if at all possible on any day, was usually restricted to an hour or 
two at dawn and/or in the evening. On only one day was spraying possible 
throughout the hours of daylight and on that day approximately 600 acres of the 
forest were treated. To treat a total of 2,334 acres at Cannock 17 days were 
required whereas at Culbin, where weather conditions were much more favour- 
able and almost continuously suitable for spraying, 3,460 acres were covered in 
one week and the best day’s total was just over 800 acres. 

B. Marking. ‘The provision of ground markers for the pilots to fly on was 
attempted initially by releasing coloured hydrogen-filled balloons on the ends of 
lengths of string so that these balloons floated above canopy level. The difficulties 
met with were, however, so numerous that this method was abandoned after one 
day’s trial. The balloons on their strings drifted far from the point on the ground 
which they were supposed to mark; they became entangled in the trees and 
frequently broke; and they were awkward to move from point to point. 

Subsequently, marking poles were rigged on two tractors. They consisted of a 
10-foot softwood pole about 5 inches in diameter to which was attached in turn 
lengths of sectional aluminium squirrel poles, lengths of bamboo, and a length of 
string ending in a cluster of brightly coloured balloons and pennants. This 
arrangement, when guyed to the tractor with wires, was quite stable and its 
height could be varied so that it stood up at least 5 feet above canopy level. The 
basic plan was to site the two tractors on convenient rides, parallel to one another 
and providing a good length of run between them, and to move them along at 
intervals of 50 feet (the swath width referred to in Section II. 4, above) as the 
aircraft made their consecutive runs. In most areas at Cannock it was not possible 
to select two rides for marking which were parallel, but by making compensations 
to the distances moved by the tractors parallel aircraft runs at the 50-feet intervals 
could be maintained. One point to be mentioned is that the tractor drivers were 
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instructed to move $0 feet forward only as and when the aircraft passed over them 
emitting spray. Thus, if the aircraft ran out of insecticide during a run the fa 
tractor marker would not move and the pilot, on returning after reloading, could 
fill in the untreated portion of the run by orientating himself on this second yp. 
moved tractor before commencing his next complete run. 

Another complication in marking was that the topography at Cannock i 
generally undulating and in some places steeply so. Thus, with the pilots flying at 
heights above canopy of § to Io feet it sometimes occurred that when passing over 
the first marker tractor the pilot was out of sight of the second marker, hidden 
behind a hill. In such cases it was necessary to have intermediate markers, usually 
sited along the top of the ridge intervening between the two tractors. These inter- 
mediate markers consisted of yellow flags, attached to the tops of trees on bam- 
boos, and they were spaced at 200 feet intervals on a line at right angles to the 
flight paths. By flying one or two swath widths on each side of each intermediate 
marker the pilot was able to remain on track throughout the course of his run, 
Although necessary, these intermediate static markers were wasteful of time since 
each had to be accurately located on the ground, the tree climbed and the marker 
affixed. 

At Culbin, after the experience gained at Cannock, marking presented no 
problem particularly since the near flat topography, the generally lower crop 
heights, and the rectangular system of rides throughout the forest were all in 
favour of easy marking. At this forest no intermediate markers were required. 

C. Checking. At both forests the accuracy of placement was checked by noting 
for each aircraft run the places where the aircraft passed over the rides along which 
the tractors were moving and also where they passed over one or more usually 
two intermediate rides in the course of their run. These points were pegged and 
numbered for each run and it was a simple matter, therefore, to construct ona 
map the flight plan over a given area from the three or four fixed points per run. 
Generally speaking, the flying, and therefore the placement, was very accurate, but 
on some few occasions at Cannock an examination of the flight plan revealed that 
gaps in coverage had occurred. The maximum one recorded was 60 yards. These 
gaps were subsequently covered by ‘filler’ runs. 

It should be noted that although the operating swath width was 50 feet the 
actual width of the insecticidal swath was much greater than this so that slight 
flying inaccuracies did not result in parts of the crop being left untreated. The 
swath overlap on consecutive runs compensated for minor inaccuracies although, 
of course, the uniformity of dosage was affected at such times. 


2. Results of spraying 


A. Mortality counts. At both forests a number of compartments were chosen 
as samples in which mortality counts of pine looper larvae were made after 
spraying. The compartments selected were, at Cannock, H. 4 and A. 93 (untreated 
area, control sampling) and H. 9, H. 25, H. 38, A. 58, and A. 76 (treated area); 
and, at Culbin, 6, 30, 50, 73, 112, and 125. In each compartment 20 assessment 
trays were laid down. These were constructed of building paper, measured g feet 
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by 3 feet, and had 6-inch sides to minimize wind disturbance of the sample. The 
trays were divided by cross lathes into three one-yard-square quadrats, the centre 
of which was gridded into nine one-foot squares. 

In most of the above compartments sample trees for shoot assessments had 
already been selected and marked. The 20 trays were sited by choosing the first 
four groups of random numbers from the tables in use for tree sampling (see 
Section II. 5, B above) and placing the trays alongside these trees. In the cases of 
compartments which did not already contain marked sample trees, a ghost distribu- 
tion of sample trees was made using exactly the same method as for compartments 
actually being tree sampled. From these 110 theoretical sample tree numbers 
20 were selected again by reference to tables of random numbers, their actual 
position on the ground found, and the mortality trays sited at these points. 

The data on the numbers of dead larvae which fell on to these trays are not 
particularly informative mainly because they do not represent the true larval 
mortality per unit area since a proportion of the dead larvae lodged in the pine 
crowns. What this proportion was was not ascertained but, in view of the small 
size of the larvae and of their silk spinning habit, it would probably be consider- 
able. Also, the figures do not, of course, give any indication of the proportion of 
the total larval population which was affected by spraying. 

The data do, however, give some information on the time period elapsing from 
insecticidal application until larvae ceased to drop from the foliage. Tables XI 
and XII and Figs. 5 and 6 present a summary of the daily counts of larvae falling 
on trays in sprayed compartments and, in addition, at Cannock in two control 
unsprayed compartments. The figures depicting the accumulated counts are so 
similar that a simple comparison between them can be made on the basis of the 
percentage drop at a fixed time after spraying. The times at which the first assess- 
ments after spraying were made varied slightly between compartments and forests, 
but the second post-spraying assessment was always made one day after spraying 
so that for comparison this is the best time to use. The median percentage and 
range of percentages for sprayed compartments one day after spraying at Cannock 
and Culbin are shown below. 


Taste XIII. Larval mortality counts: median percentage and range of percentages 
one day after spraying 





Median | Range 





Cannock , ‘ 84 30 
Culbin . - | 94°5 14 











The data suggest that killing was slightly quicker at Culbin than it was at Cannock, 
but no exact significance test of this hypothesis has been made. 

The effects of insecticidal drift can be clearly detected from the figures. For 
example, at Cannock mortality as recorded by larval drop to trays was quite 
considerable in the control untreated compartment H. 4 after the adjacent com- 
partment H. 7 had been sprayed. Again, at Culbin in compartment 30, 75-9 per 
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CPT. H.4 (CONTROL) 
(Affected by drift) CPT H9 
Total mortality=8 per sq. yd Total mortality=46 per sq, yd 
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Fic. 5. Cannock Chase. Accumulated percentage larval mortality drop to trays on days before and 
after spraying (= ©). In compartment H. 4 (control) the percentage for day o occurred after H.9 
(but not the adjacent H. 7) had been sprayed; the percentage for day 1 occurred after H. 7 had 
been sprayed on day o. In compartments H. 9, H. 25, and H. 38 the percentage for day © occurred 





2$ hours, 3 hours, and 2$ hours respectively after spraying. In compartment A. 76 the percentage 
for day —3 was a natural drop. 
; 
cent. of the total larval drop, as determined by a pre-spraying assessment, occurred 
by 31st August after adjacent compartments had been sprayed on 29th August, 
a rather windy day, and only 24:1 per cent. of the total drop occurred after com- 
partment 30 had itself been sprayed on 31st August. 

Tray sampling in control compartments unaffected by drift (e.g. compartment 
A. 93 at Cannock) and pre-spraying sampling in compartments scheduled for} 
spraying (e.g. compartment 50 at Culbin and compartment A. 76 at Cannott}| 
gave an indication of the natural drop of larvae from the pine crowns. This wa'| 
sometimes associated with high winds and rain. In relation to the drop caused by 


spraying, natural drop was quite negligible. 
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CPT. 6 CPT. 30 
Magee Goran Total mortality = 51 per sqyd. 
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Fic. 6. Culbin. Accumulated percentage larval mortality drop to trays on days before and after 
spraying (= ©). In compartments 6 and 50, the percentage for day o and day —2 were both natural 
drops. In compartment 30, the first column for day o shows percentage before spraying due to 
drift from compartments sprayed two days before and the second column shows percentage after 
spraying. In compartment 125 the percentages for days —4 and —2 are slight drift effects. 


At Cannock 88 per cent. of the larvae falling to the trays were in the first instar 
stage and 12 per cent. in the second instar; at Culbin, 2 per cent. were first instar, 
73 per cent. were second instar, and 25 per cent. were third instar. 

B. Shoot assessments: larval numbers. The method of shoot assessment has been 
described in Section II. 5, B, above. Table XIV presents a summary of the data on 
larval numbers from five separate compartments at Cannock and from Culbin as 
a whole. When designing these assessments of pre- and post-treatment larval 
numbers it was hoped that they would provide a means for calculating accurately 
the proportion of the larval population whose deaths had been caused by spray- 
ing. Unfortunately, the sampling technique proved to be too crude and not in- 
tensive enough to allow of this being done. At Cannock the results from compart- 
ments H. 25 and A. 76 (the only two out of the five sampled which were sprayed) 
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strongly suggest, however, that nearly all of the larvae were killed by the spraying. 
The effect of drift on the larvae in the untreated compartment H. 4 can be 
discerned (cf. Section III. z, A). No conclusions can be drawn from the Culbin 
data since crown sampling at that forest was discontinued after the commence- 
ment of spraying. 

C. Pupal counts. Tables XV and XVI at the end of the paper present the 
results of pupal counting at Cannock and Culbin, respectively. All compartments 
of interest at both forests were assessed for pupae during the winter of 1953/54; 
the vast majority of them were resurveyed during the winter of 1954/55; and a 
much smaller proportion of the compartments have had pupal counts made in 
them during the winters of 1955/56, 1956/57, and 1957/58. In all cases the figures 
quoted include both healthy and parasitized individuals. In areas of low popula- 
tion density the rate of parasitism is typically very low and can be disregarded; 
comment on parasitism in higher population density areas is made in D below. 

A comparison of the counts made in the winters of 1953/54 and 1954/55 gives 
some general indication of the results of spraying on the pine looper populations. 
At Cannock, pupal counts were made during the winter of 1953/54 in 70 compart- 
ments which were subsequently sprayed or affected by drift during the control 
operations. Three compartments had counts of over 150 per sq. yd. (equivalent 
to areas where defoliation was complete (Bevan, 1955)); seven had counts ranging 
from 80 to 150 per sq. yd. (equivalent to areas showing severe defoliation) ; eleven 
had counts ranging from 40 to 80 per sq. yd. (equivalent to areas showing slight 
defoliation); and the remaining 49 compartments had counts of below 40 per 
sq. yd. and in them no defoliation could be detected. Sixty-six of these compart- 
ments were resurveyed during the winter of 1954/55. Then there were 42 com- 
partments with nil counts, one with o-1 per sq. yd., nine with 0-2 per sq. yd., one 
with 0-3 per sq. yd., four with 0-4 per sq. yd., three with 0-6 per sq. yd., one with 
08 per sq. yd., one with 1-0 per sq. yd., one with 1-2 per sq. yd., one with 1-3 per 
sq. yd., one with 1-6 per sq. yd., and one with 1-8 per sq. yd. It is clear, especially 
when the results of mortality counts and shoot assessments are also taken into 
account, that the insecticidal treatment was responsible for most of the recorded 
population decrease. The natural mortality in the population was not, however, 
recorded during the season so that it would be idle to attempt to ascribe any 
definite proportion of deaths to the effect of the treatment. This is especially 
true since there is clear evidence from the unsprayed areas of the forest that a 
natural decline in the density of the population occurred during the 1954 genera- 
tion. The mean pupal count in the 24 unsprayed compartments was 3°9 per sq. yd. 
during the winter of 1953/54; it fell to an average of 0-1 per sq. yd. in the 20 
compartments resurveyed during the winter of 1954/55. It seems likely that much 
of this natural decrease can be attributed to the inclement weather conditions 
prevailing during the adult, egg, and early larval stages; the effect of parasitism and 
predation in these lower population density areas is believed to have been slight. 

At Culbin, 112 compartments surveyed during the winter of 1953/54 had a 
mean pupal count of 12-4 per sq. yd. All of these compartments were sprayed 
during 1954 and the mean pupal count of the 99 compartments resurveyed during 
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the winter of 1954/55 was 0-06 per sq. yd. Again, it is impossible to attribute any 
definite proportion of this decrease to the insecticidal treatment. No control 
compartment was left untreated at Culbin to determine the natural trend of 
population movement but certainly the general tendency in that season in the 
north-east of Scotland was steeply downwards. For example, at the nearby and 
somewhat similar Roseisle Forest the mean count in the winter of 1953/54 was 
4°9 pupae per sq. yd. (range of compartment means 0-6 to 14:4 per sq. yd.). It 
dropped to 1-1 per sq. yd. in the winter of 1954/55 (range of compartment means 
0-2 to 3:0 per sq. yd.). It seems probable that a similar natural trend would have 
shown itself at Culbin had no insecticidal interference occurred. 

The pupal counts for the years 1955/56 to 1957/58 are shown in the tables for 
a limited number of compartments at both forests. They represent the standard 
annual sampling, which is carried out in all State forests considered liable to 
attack by B. piniarius, and are of interest in showing that at Cannock and Culbin 
no recovery of the populations has taken place since 1954. 

D. Parasites. Reference was made in the introduction to the fact that there 
appeared to be no reason to assume from the figures of pupal parasitism that a 
natural collapse of the populations was imminent. The most common parasite 
was Cratichneumon nigritarius Grav. and since this species oviposits in pupae its 
effects could not have been felt until the feeding of the 1954 larvae had been 
completed. The other parasitic species which were present and which were deter- 
mined after rearing were Barichneumon locutor Thunb., Heteropelma calcator 
Wesm., and Carcelia rutilla Rond. 

Of the 18,855 pupae collected from Cannock during winter 1953/54, 18:4 per 
cent. were found to be parasitized. The rate of parasitism varied inversely with 
the density of the host population, as Bevan (1955) has pointed out. 

Of the 5,031 pupae collected at Culbin during the winter of 1953/54, 21-4 per 
cent. proved to be parasitized. 

One of the disadvantages frequently attributed to large-scale chemical control 
schemes is that they have an adverse effect on the insect enemies of the pest 
species. In the cases reported upon here, which are in some ways similar to that 
described by Petersen (1958), this does not appear to have been so as far as the 
main parasite is concerned. The biology of C. nigritarius is not fully known but 
general observation shows that it is not active during that part of the season when 
the spraying operations were carried out. It appears, therefore, to have appre- 
ciably escaped the effects of the insecticidal treatment. At Cannock, in the winter 
of 1954/55, 58 pupae collected from the sprayed areas showed a rate of parasitism 
of 100 per cent. In the unsprayed areas 61-5 per cent. of the 26 pupae collected 
were parasitized. 

Twelve pupae examined from the winter 1954/55 collection from Culbin in- 
cluded 7 which were parasitized. 


3. Effects of defoliation at Cannock 


The feeding of pine looper caterpillars takes place relatively late in the growing | 


season and, since the larvae restrict their activities to the needles and do not 
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devour the buds, even completely defoliated trees are equipped to flush in the 
spring following attack. Under some conditions trees can recover after one com- 
plete defoliation, but they almost always succumb to two successive years of 
defoliation (Escherich, 1931). Recovery depends mainly on the water relations 
of the site, on the weather during the season after attack, and on the impact, if 
any, of secondary pests. At Cannock Chase, the most severely defoliated trees did 
flush to some extent in 1954 but typically showed dieback extending some feet 
down the main stem. But for stem invasion by Myelophilus piniperda L., these 
trees would probably have remained alive—and, therefore, in that sense at least, 
have ‘recovered’—and the decision whether or not to retain them as a crop would 
then have been a silvicultural matter. However, this problem was never posed 
since the bark beetle mentioned rapidly colonized many of the weakened stems so 
that it became imperative to remove all such infested trees and also those whose 
weakened condition suggested that they might become infested by M. piniperda. 
This policy resulted, in the most severely defoliated areas, in the clear felling of 
some parts of the crop and in extremely heavy thinnings being made in others. 
In all, as a result of the combined pine looper and pine shoot beetle attacks, a 
total of 29 acres had to be clear felled and subsequently replanted; and, in addi- 
tion, some 16,000 Hoppus feet were removed in ‘thinnings’ from the insect 
damaged crops. 


IV. DISCUSSION 

Foresters in Britain have, in general, been remarkably fortunate in not having 
experienced many major insect troubles in the woods in their care. As has been 
pointed out elsewhere, however (Crooke, 1958), the forest estate now being 
developed in this country is one which on theoretical grounds at least must be 
considered liable to insect damage on some scale. It would appear, further, that 
the main risk being run is that of the activities of defoliators in conifer plantations. 
Thus the outbreak of B. piniarius which is described in this paper is of interest 
not only because it is the first of its kind recorded in this country but also because 
it may possibly be the precursor of other somewhat similar incidents. Viewed in 
this light the control scheme which was used can be thought of, firstly, as being 
directed towards the immediate objective of minimizing loss in this particular 
instance and, secondly, as providing those who planned and carried it out with 
experience which may prove of value in the future. 

The aerial spraying operations at Cannock Chase undoubtedly prevented the 
extension of damage and loss which would otherwise have occurred and they can, 
therefore, be termed successful. More specifically, however, some of the planned 
objectives were not attained and, in particular, the drift contamination of com- 
partment H. 4 was unfortunate since it prevented our observing the uninterrupted 
development of the population in this area of moderately high density. Again, the 
insecticidal treatment of areas of low population density was rather meaningless 
since in untreated areas of similar density the population subsided naturally. 
Thus it was not feasible to make comparisons of the development of these low 
populations in treated and untreated areas. 
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As regards Culbin, it has already been stated that since no untreated control 
area was retained it was impossible to discern what the natural trend of the 
population in 1954 at that forest would have been had no treatment been applied; 
but that the indications from other forests in the vicinity were that populations 
in the north-east of Scotland dropped rather sharply in density in 1954 and that 
that at Culbin could have been expected to behave in a somewhat similar fashion, 
Despite the fact that spraying accounted for kills of larvae of the order of 50 per 
square yard in some parts of the forest, it now seems on reflection doubtful if the 
control measures applied at Culbin were really necessary. Possibly, without 
treatment, little or no crop damage would have occurred. It would certainly 
have been better not to have made the decision as to whether or not to spray on 
the evidence of the pupal counts alone. A postponement of that decision until 
intensive egg surveys in early summer had revealed more accurately the probable 
course of events would have been preferable. This approach to the problem was 
used during another outbreak of the looper at Tentsmuir Forest, Fife, in 1957 
and will be discussed in the second part of this paper. 


V. SUMMARY 


An epidemic of the pine looper, Bupalus piniarius L., occurred at Cannock 
Chase Forest, Staffordshire, in 1953 causing complete or very severe defoliation 
over more than 100 acres of Scots pine (Pinus silvestris L.) of 31 years of age. The 
outbreak was controlled by aerial spraying in the summer of 1954 with DDT at 
the rate of 1 lb. of actual DDT in 3 gallons of liquid per acre. Similar control 
action was taken at Culbin Forest, Morayshire, where a threatening population 
of the looper was present. The two schemes combined totalled some 6,000 acres. 
No great practical difficulties were encountered although bad weather and the 
provision of suitable ground markers for the pilots at Cannock occasioned some 
delay. Spraying was timed to coincide with the presence of the early stage larvae, 
and the starting date for the operation was determined by observing the timing 
of adult emergence from the pupae and the rate and timing of larval eclosion 
from the eggs. 

Results were assessed by counts of dead larvae falling to the forest floor after 
treatment, by pre- and post-treatment counts of larvae in the pine crowns, and 
by comparison of pre- and post-treatment pupal counts. The spraying operations 
can be regarded as successful in that looper population densities in both forests 
fell to a very low level after treatment and have not, until the time of writing, 
shown any indication of resurgence; but there is doubt as to whether treatment at 
Culbin was essential since other populations of the looper in north-east Scotland 
declined during 1954, presumably because of inclement weather during the adult, 
egg, and early larval stages, and it appears possible that the numbers at Culbin 
would also have decreased in the absence of insecticidal interference. 

Secondary invasion of defoliated trees by Myelophilus piniperda L. at Cannock 
necessitated the clear felling or heavy thinning of some parts of the crop. No 
injurious side effects of these large-scale applications of DDT have been 
noted. 
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Tasie XV. Pupal counts at Cannock Chase: 1953/54 to 1957/58 
— 
Pupal counts per sq. yd. in winter of 
Sprayed] 53154 
in summer Ne. of 54155 55156 | 56/57 | 57158 
Cpt. no. Species P. year of 1954 Mean | plots | Min. | Max. Mean Mean | Mean | Mean Cpt. 
H. 1 S.P. P. 24 U 48 s 3 8 oo A. 78 
H. 2 S.P. P. 23 U 116 5 4 20 oo A. 79 
H. 3 S.P P. 23 U 72 5 2 15 oo ee od < A, 80 
H.4 S.P. P. 23 | U (but with 32°6 5 6 57 oo o-2 o2 | oo A. 81 
drift) A. 82 
H.5 S.P. P. 23 | U (but with 9°8 5 2 18 o2 A. 85 
drift) A. 88 
H. 7 and 8 S.P. P. 22 Ss 10°6 10 4 17 |10* or ne iia re A. 89 
H.9 S.P. P. 22 Ss 17°8 5 I 31 oo oo o2 | oo A. 90 
H. 10 S.P. P. 22 Ss 8-4 5 3 Ir oo A. or 
H. 11 SP/Larch Old Ss 134 6 8 20 oo -" a ‘i A. 92 
H. 12 SP some CP | P. 22 Ss 14°2 5 3 31 oo oo oo | 00 A. 93 
H. 18 S.P. P. 21 Ss 61°8 5 18 122 o-2 A. 94 
H. 19 S.P. P. 21 Ss 82:8 20 20 202 o2 A. 95 
H. 20 S.P. P. 21 Ss 72 5 ° 20 oo oe ae ~ A. 97 
H. 22, 23 S.P P. 21 S 35°1 Plot counts lost ; oo o-4 oo | 00 A.97 (E 
only mean available Nurse 
H. 24 S.P. P. 2 Ss 140°7 10 38 275 o8 oo 372 | oo A. 98 
H. 25 S.P. P. 21 Ss 238°0 25 50 500 ro a = bi A. 99 
H. 26 S.P. P. 21 Ss 138-8 10 45 310 o-2 or2 06 | oo A. 100 
H. 27 S.P. P. az Ss 61-2 5 28 96 oo seid a = A. 10% 
H. 28 S.P. P. 21 Ss 281°9 29 20 634 oo 06 o8 | 00 A. 102 
H. 29 S.P. P. 21 S 180°4 20 30 442 oo ha ~ Re A. 103 
H. 30 S.P. P. 21 Ss 82°4 5 9 2i5 o2 A. 105 
H. 31 S.P. P. 2r Ss 94°4 5 20 250 oro A. 106 
H. 32 S.P. P. 21 Ss 416 20 7 143 oo A. 107 
H. 34 C.P. P. 22 Ss 59°6 5 46 96 1-2 ae ia ‘ A. 109 
H. 35 C.P. P. 22 Ss 45°6 5 13 78 18 oo 04 | O2 A, 113 
H. 36 S.P. P. 22 s 32°2 5 7 77 | 7* 13 A. 120 
H. 37 S.P. P. 22 Ss 46°8 5 7 104 | 6* 03 si aa - A. 122 
H. 38 S.P. P. 23 s 54°4 5 16 117 oo oo | 06 | 02 L. 1, L. 
A.9 SP/CP P. 28 U 3°6 5 ° II oo ee oo | oo L. 6 
A. 12 CP/SP P. 28 U 14 5 ° 4 oo it 
A. 31 SP some CP} P. 26 U 3°6 5 2 7 oo o-4 ro } 08 
A. 39 CP/SP P. 30 Ss 28 5 I 7 oo - ‘ch ee 
A. 40 S.P. P. 21 Ss 4°6 < I 9 oo oo or2 o%4 
A. 41 SP some CP} P. 21 Ss 24 5 ° 7 oo 
A. 42, 43 C.P. P. 30 Ss 76 5 4 16 oo 
A. 44 C.P. P. 30 Ss 5°4 5 9 10 oo ‘6 ““ 
A. 45 SP some CP} P. 22 Ss 34°4 5 4 117 oo * o-2 . ances 
A. 46 SP some CP| P. 22 Ss 27°6 5 3 81 oo oo 04 | oo 
A. 47 SP some CP} P. 22 Ss ro 5 4 22 oo ‘i es 
A. 48 S.P. P. 22 Ss 6-0 7 2 10 o-4 o2 -+ f OO 
A. 49 S.P. P. 22 Ss 21-0 5 7 60 oo a j Cpt. 
A. 50 S.P. P. 22 Ss 84°0 5 5 160 06 o-4 oo | o0 no 
A. 51 SP some CP} P. 23 Ss 66°0 5 16 112 16 ‘ ~ . onemeen 
A. 52 SP some CP} P. 23 Ss 22°8 5 I 62 o2 2, 3 
A. 53 S.P. P. 23 s 20°6 5 2 46 oo ‘ 
A. 54 SP. P. 23 Ss 43°2 a 16 87 oo a ‘ . 4 
A. 55 SP some CP} P. 23 Ss 3:2 5 ° 8 oo o-2 oo } 00 5 
A. 57 SP. P. 23 Ss 102°0 5 9 181 o2 oo oo | 02 6 
A. 58 SP some CP] P. 23 Ss 35°4 5 9 103 o6 . 
A. 59 SP some CP} P. 23 SS) 66°4 5 9 165 o6 7 
A. 60 SP some CP} P. 23 Ss 416 5 5 105 oo “ 8 
A. 61, 62, 63 SP/CP P. 30 U 5°6 10 I 20 oo 06 oo | % 
A. 6 CP some SP} P. 23 U 40 5 I 8 o-2 9 
A. 67 SP/Larch | P. 25 Ss 42 5 ° 12 oo 10 
A. 68 SP/Larch P. 25 Ss 10°4 5 I 27 ovo va oe 
A. 69 S.P. P. 25 U 3°8 5 ° 6 oo oo oo 10 iI 
A. 70 S.P. P. 25 U 16 5 ° 4 o-2 17 
A. 72 S.P. P. 25 U ro 5 ° 4 o2 , 
A. 73 S.P. P. 25 U 50 5 2 9 oo 9 
A. 74 S.P. P. 25 Ss 52 5 I 13 oo 20 
A. 75 S.P. P. 25 Ss 34 5 I 6 os 21 
A. 76 S.P P. 25 Ss 2°6 5 I 5 oo 
A. 77 S.P P. 25 Ss 15°4 5 4 46 0-4 22 
—— 
3355 .! 
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Tasie XV (cont.) 
ve ee Pupal counts per sq. yd. in winter of 
> Sprayed] 
onaniaged 53154 
sist in summer No. of 54155 | 55/56 | 56/57 | 57/58 
Mean Cpt. no. Species |P.year| of 1954 Mean Min. | Max Mean | Mean| Mean| Mean 
Pe A. 78 S.P. P. 25 Ss 10°4 5 2 20 oo o2 o%4 oo 
A. 79 S.P. P. 25 Ss 3°0 5 ° 7 o4 ee - ee 
ae A, 80 S.P. P. 25 Ss 9°6 5 ° 30 oo oo oo o2 
oo A. 81 SP/Spruce | P. 25 Ss 20 5 ° 5 oo ee oe es 
A. 82 S.P. P. 27 U 34 5 ° 6 o2 oo oo o-2 
A. 85 S.P. P. 27 Ss 24 5 ° 5 oo 
A. 88 S.P. P. 25 Ss o-6 5 ° I o2 oe ee a 
A. 89 S.P. P. 25 S 48 5 I 12 o4 oo | oo | oo 
oo A. 90 S.P. P. 25 Ss 76 5 ° 3r oo ° 
A. 91 S.P. P. 25 Ss 5°0 5 4 7 oo 
od A. 92 S.P. P. 27 U 18 5 ° 3 oo be ee ose 
oo A. 93 SP. P. 25 U 20 5 ° 6 oo oo o-4 o8 
Ls A. 94 S.P. P. 25 U 12 «© ° 3 o4 ° 
a A. 95 S.P. P. 25 U 18 5 ° 7 o-4 aa 
‘i A. 97 S.P. P. 25 U 44 5 ° 19 o-2 o2 oo 14 
0-0 A. 97 (Block SP/CP P. 25 U 44 ae és re ‘ 
Nursery) 
0-0 A. 98 C.P. P. 26 Ss 22 5 I 3 oo 
ea A. 99 SP/CP P. 26 Ss 3°2 5 ° 9 oo 
oo A. 100 C.P. P. 26 Ss 20 5 I 4 oo 
aa A. 101 S.P. P. 26 Ss 30 5 ° 12 oo 
00 A. 102 S.P. P. 27 Ss 9°8 5 2 20 oo ee _ oe 
je A. 103 S.P. P. 30 Ss 30 « I 5 oo oo oo oo 
A. 105 CP/SP P. 27 Ss 9°8 5 4 14 oo as os es 
A. 106 SP/CP P. 27 Ss 16:8 5 2 42 o2 oo oo oo 
A. 107 S.P. P. 30 Ss 74 5 3 14 oo 
ais A. 109 S.P. P. 30 U 5°0 5 2 10 oo o« - + 
o2 A. 113 S.P. P. 28 U 48 5 3 9 o-4 o2 o2 o-2 
Pe A. 120 C.P. P. 34 U 12 5 ° 3 
Pe A. 122 C.P. P. 30 Ss 116 5 3 22 |13% 04 
02 L.1,L.2 C.P. P. 31 U 54 « I 13 |10* o-§ én an ee 
oo L. 6 SP/CP P. 31 U 5°8 5 2 Ir oo 06 o4 06 
o 8 All means based on 5-yard quadrats per compartment, except where indicated.* 
o 
Tasie XVI. Pupal counts at Culbin: 1953/54 to 1957/58 
00 Pupal counts per sq. yd. in winter of 
Cpt. 53/54 54/55 | 55/56 | 56/57 | 57/58 
n0. Species P. year Mean | Min. Max. Mean | Mean | Mean | Mean 
2,3 | SP. P. 24 21°6 7 | 46 oo 
. S.P. P. 29 16-0 2 | 23 00 
5 S.P. P. 24 300 | 10 | 87 25 plots] .. 
6 S.P. P. 24/25 4074 | 30 | 48 o2 | 070 | O10 | OO 
7 CP/SP P. 25 26°8 2 | 66 oro 
8 SP/CP P. 27 29°6 6 | 68 00 
9 SP/CP/M | P. 27 8-0 2 | 26 fore) 
10 CP/SP P. 27/38 5°4 : ia oo | oo | oo | OO 
I CP. P. 27 4°2 2 8 oro ee 
17 CP. P..a9 2°0 I 4 o*0 
19 SP/CP P. 27 16°0 2 | 46 o4 | oo | oo | oO 
20 S.P. P..27 13°4 o | 4! foe) 
21 CP/SP P. 26/27 5°4 o | 16 (ose) 
22 CP. P. 26/27/30 3°0 I 7 (oe) 
3855.2 fe) 
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Tasie XVI (cont.) 
Pupal counts per sq. yd. in winter of 

Cpt. 53/54 54/55 | 55/56 | 56/57 

no. Species P. year Mean| Min. Max. Mean | Mean | Mean 
23 S.P. P. 24 13°4 o | 30 00 
24 SP/CP/PC | P. 24 14°4 4 | 26 roe) 
25 SP/CP P. 25 25°0 6 | 38 08 ee 
26 S.P. P. 24/25 29°0 | 14 | 45 oo | oo | Oo 
27 SP/CP P. 24 26°0 12 | 35 oo ala 
28 S.P. yo 16°4 2 | 34 06 oo | oo 
29 CP/SP P. 24 18+4 8 | 37 fore) oe 
30 SP/PC P. 24 25°2 3 147 oro | oro | ov 
31 S.P. P. 24 Ig0 | 11 | 26 00 
32 S.P. P. 24 20°2 3 | 37 or2 is = 
33 SP/CP P. 24 15°2 2 | 31 o-2 o2 | oO 
34 S.P. P. 24 14°2 10 | 23 oo 
35 SP. P. 2g 32°6 7 | 75 30 plots 
36 SP/CP P. 25 7°4 o | 20 oro Sa 
37 SP/CP P. 28 10° 4 | 21 o-2 00 (oe) 
38 SP/CP P. 26 9°6 o | 21 O*4 
39 SP/CP P. 26 9°8 o | 24 00 
4! SP/CP P. 23 13°2 4 | 26 o-2 
42 S.P. P. 23 2570 s iv foe) 
43 SP/CP P. 23 120 6 | 18 O-4 0-0 0*0 
44 SP/CP/PC | P. 23 11°8 2 | 4! oo 
45 CP/SP P. 26 8-4 © | 29 foXe) 
46 PC/CP/SP | P. 24/25 5°6 o | 16 o2 
47 SP/CP ¥. 2 18-4 4 144 fore) 
48 S.P. P. 23 19°4 10 | 43 o-2 0° ooo) 
49 S.P. P..22 18-8 6 | 34 o2 
50 S.P. ¥..23 18-4 10 | 29 o-2 oo 0*0 
51 SP/CP P. 23/28 12°2 3 | 28 oro 
§2, 53 | S.P. P. 23 27°97 8 | 73 25 plots 
54 S.P. P. 22 158 | 12 | 23 roe) 
55 S.P. P. 22 14°0 Oo | 31 O°4 os ee 
56 S.P. ¥. 22 23°2 9 | 4! o2 oo 00 
57 PC/SP ¥. 23 3°0 ° 8 0-0 
58 SP/CP P. 26 19°0 7 137 oo 
59 CP. P. 26 1-2 ° 3 role) 
60 C.P. P. 28 O-2 ° I oro 
61 SP/CP P. 28 28 I 5 00 
62 SP/CP P. 28 72 2 | 21 fore) 
67 S.P. P. 28 7°0 § | 12 00 ‘ oe 
68 S.P. P. 28 10°8 4 | 20 foe. 00 00 
69 CP. P. 26/28/39 19°4 2 | go 00 
70 CP. P. 26 10°9 I | 30 25 plots 
71 SP/CP/PC | P. 26/34 15°8 3 i oo 0°0 00 
72 CP/SP P. 26 14°8 6 | 34 fone) 
73 CP. P. 26 6-4 I 10 oo ea 
74 SP/CP P. 28/32 10°4 3 118 oo | oo ooo) 
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Taste XVI (cont.) 
—_ Pupal counts per sq. yd. in winter of 
Cpr. Sis 54/55 | 55/56 | 56/57 | 57/58 
0. Spectes P. year Mean | Min. Max. Mean | Mean | Mean | Mean 
83 CP/SP P. 28/34 5°4 o | 15 o2 
84 SP/CP P. 23 and old | 13-2 2 | 43 oo 
; 4 . po 17°2 6 | 29 25 plots} oo | oo | oc | oo 
97 S.P. P. 23 14°0 8 | 22 oo 
98 SP/CP P. 26 5°38 2 | 35 oro 
106 cr. P. 26 4°6 I II oo es ‘a - 
107 S.P. P. 28 12°2 6 | 22 oz oro role] oo 
108 CP/SP P. 26 72 3 }10 oro ‘ 
112 S.P. P. 26 16°4 5 | 23 oo | oo | oF0 | oo 
118 SP. P..27 9°8 I 17 070 | oo | OO | Oro 
119 S.P. eg 4°2 ° 7 oro 
120 SP. ee 2°8 ° II role) s 
121 S.P. P. 27/33 5°8 4 8 oo | oOo oo | o2 
124,125 | S.P. P.a7 7°3 2 | 16 25 plots ne a 
126 S.P. eg II*O 3 ia oo | oo | OO | O2 
127 SP/CP P. 32 78 1 | 18 o*0 
128 SP. Fr. 3 10°2 6 | 15 oo 
129 S.P. P. 31 5°6 I 8 cose) 
130 SP. P..30 4°8 I II o°0 
131 S.P. P. 29 3°0 ° 6 oro 
132 S.P. P. 29/40 06 ° 2 fone) 
133 SP. ee re) ° 2 oro 
134 S.P. P. 32/40 13°2 o | 33 oo 
135 S.P. P. 29 7°6 4 | 14 [ozo] sa ar 
136 SP. P. 29 2°4 ° 4 00 fone) oo | Oro 
137 S.P. P. 30 5°0 ° 9 foe) 
138 S.P. P. 33 6°4 I 16 oo ro ne 
139 S.P. Pr. 3 13°8 4 | 33 foe) oro | Oro (He) 
140 S.P. P. 31 15°2 5 | 35 fore) 
142 S.P. P. 31 8-8 oO | 35 oro 
143 SP/PC P. 30 12°0 g 123 oo ee is ‘a 
144 SP. P. 30 g'0 4 | 14 oro foe) oo oo 
145 S.P. P. 29 4°2 ° 6 oo 
146 PA P. 29 20°6 8 | 47 o2 me ae ne 
147 SP. P. 30 18-2 1 | 44 oro oo or2 oro 
148 SP/CP P. 29/30 12°0 2 | 30 or2 - : és 
149 SP/PC P. 29 21°4 9 | 35 oo | oo | oo | oo 
150 SP/CP P. 29 74 2 ie oro 
151 S.P. P. 30 5°0 I | to foe) 
152 S.P. P. 30 12°2 6 | 17 foe) 
153 S.P. P. 31 8-0 g 5 tt o2 a 
154 S.P. P. 30 18-0 6 | 28 oro oo 
155 SP/PC P. 30 1570 3 | 40 foe) 
156 S.P. P. 29 5°6 o jar 
157 S.P. P. 28 12°5 2 | 26 18 plots 
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Tasie XVI (cont.) 





es 


Pupal counts per sq. yd. in winter of 








Cpt. 53154 54155 | 55/56 | 56/57 | 57/58 F.A.O 
no. Spectes P. year Mean|\ Min. Max. Mear.| Mean | Mean | Mean 


158 S.P. P. 28 10°6 18 ws s i ‘ 
162 S.P. P. 33 2°0 4 O°4 we i Ps N J: 
171 SP. Old 14°3 23 13 plots] .. ‘da e 

175 CP. Old 3-0 6 19 plots ai 
238 S.P. Old 3°6 i ce oe EG Bennet 
241 S.P. Old 9°8 28 re - ee A the pre 
244 S.P. Old 76 13 See es Consul 
330 ex 
All means based on 5-yard quadrats per compartment, except where otherwise indicated. and ex 
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F.A.O. Fibreboard and Particle Board. Rome, 1958. Pp. 180. Price 10s. 


Review by R. H. Farmer 


January-February 1957 an international conference was held at Geneva under the 
joint auspices of the Food and Agriculture Organization of the United Nations and the 
Economic Commission for Europe to discuss technical and economic questions relating to 
the production and use of board materials. The conference, under the title ‘International 
Consultation on Insulation Board, Hardboard and Particle Board’, was attended by over 
330 experts from 37 countries and provided an opportunity for exchange of information 
and experience on both the technical and economic aspects of these relatively new indus- 
tries. The present publication is the official report on the Consultation and is intended to 
provide guidance to those planning future developments in the board industries on the 
factors that must be considered before embarking on such developments. 

In the introduction to the report a short account is given of the events leading to the 
calling of the Consultation and of the organization behind it. The subject of fibreboard 
and particle board was considered under seven headings: I, Product description, nomen- 
clature, and definitions; II, World production, consumption, and trade; III, Raw materials; 
IV, Processes and equipment; V, Economic aspects of production and marketing; VI, 
Properties, applications, and uses; VII, Research needs. A number of background papers 
had been contributed, prior to the Consultation, on each of these topics by specialists in 
the field. On the basis of these the Secretariat prepared a series of seven papers surveying 
the various subjects and giving a concise account of current knowledge and opinion. The 
Secretariat papers have been revised and rewritten in the light of the discussions which 
took place during the course of the Consultation and form the substance of the present 
book. Together they provide a comprehensive and balanced survey of the fibreboard and 
particle board industry. The background papers, a list of which is included in an appendix, 
have also been published in two separate volumes. 

Chapter i deals with product description, nomenclature, and definitions. Some clarifica- 
tion of terms is clearly necessary and such indeterminate expressions as ‘building board’ are 
rightly omitted. The classification of both fibreboard and particle board by density will be 
generally acceptable, but the terms ‘insulation board’ and ‘hardboard’, in general use, will 
not readily be replaced by ‘non-compressed fibreboard’ and ‘compressed fibreboard’, 
whatever the merits of these latter terms may be. ‘Chipboard’, in common use in the 
United Kingdom, is replaced by ‘Particle board’. There is a useful list of definitions of 
terms used in the industry and a table in which the more important of them are translated 
into eighteen different languages. 

Chapter ii traces the geographical development of the insulation board and hardboard 
industry and includes numerous tables and statistics concerning production, consumption, 
trade, price trends, and consumption per head for a number of countries. The increasing 
proportion of hardboard produced, in comparison with insulation board, and the relatively 
small increase in price in these materials over the past 20 years are notable features. Data 
for particle board are less complete because the industry is of more recent origin, but the 
concentration of production in western Europe is remarkable. A bright future is forecast 
for this rapidly growing industry. 
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Wood is by far the most important raw material for manufacture of fibreboard and 
particle board and these industries are attractive to the forester as possible outlets fo; 
utilization of waste or inferior wood. In chapter iii (Raw Materials) the various species of 
wood known to have been used in different regions of the world are listed. While in the 
early days of the industry coniferous woods were employed almost entirely, the use of 
broadleaved species is now widespread and it is probable that, from a technical viewpoint, 
board materials can be made from almost any wood species. This is not to say that all 
species are equally suitable and the costs of processing may vary substantially from species 
to species. The criteria which determine the suitability of a wood for board (particularly 
fibreboard) manufacture are not well understood and there is room for some basic investiga. 
tions in this field. Other points dealt with in this chapter include the condition and form 
of the wood available, the inclusion of bark, transport problems, and integrated operations 
in which the residue from one part of an enterprise forms the raw material for another 
part. The principal fibrous raw materials other than wood are bagasse, flax shives, cereal 
straw and cotton stalks, and the chapter concludes with a short discussion of additives 
employed in board manufacture (resins, size, &c.) and of water supplies. 

The chapter on processes and equipment for board manufacture gives an account of the 
various steps in processing for each of the three types of board material and provides a 
useful review of the common methods of operation and types of equipment used. It is 
emphasized that, for anyone contemplating board manufacture, the information given 
does not replace a thorough survey of all aspects, economic (including marketing) and 
technical, by competent experts with considerable experience in the field. The chapter 
gives little guidance as to the relative merits of different types of equipment where alterna- 
tive methods exist for carrying out a certain operation, but presumably such expressions 
of opinion would be out of place in an official document. 

In chapter v economic aspects of production and marketing are discussed and a detailed 
and comprehensive survey is given of investment costs and production costs in relation to 
type of board, size of mill, location, raw material costs, &c. The information is particularly 
valuable because it is not easily found elsewhere. The importance of making a full investig:- 
tion of economic aspects before establishing a board plant is stressed. Distribution and 
marketing problems are also discussed in detail and the procedure for assessing the potential 
market is outlined. The chapter closes with the significant remark ‘there is no substitute 
for good management’. 

Properties, applications, and uses are discussed in chapter vi under the three headings of 
insulation board, hardboard, and particle board, and the point is made that the standard 
tests by which the quality of boards is judged in most countries bear little relation to the 
use requirements. The subject of testing methods did not fall within the terms of reference 
of the Consultation because it is dealt with by the F.A.O. Technical Panel on Mechanical 
Wood Technology, but a useful survey of testing methods by the Chairman of this Panel 
is included as an appendix. 

The final chapter discusses the lines of research which should be pursued to ensure the 
future of board materials and of the industry dependent upon them. The research needs 
cover a wide and complex field, and a few are singled out as deserving special attention. 
Although the importance of fundamental research on subjects such as fibre properties and 
fibre bonding is emphasized at the beginning of the chapter it is perhaps disappointing to 
find that these do not appear in the list of topics deserving priority. It is in the field of basic 
research that encouragement is needed: the manufacturers themselves will see to it that 
developments in processing equipment and board properties are not lacking. 

The appendixes include a note on equipment required for F.A.O. tests for evaluating 
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properties of fibreboards, a world list of mills and a list of trade associations. A list of persons 
attending the Consultation is given in a loose annex. 

This publication contains a mass of useful information, systematically arranged and im- 
partially presented, together with further references to published work. It is directed 
towards those interested in setting up fibreboard and particle board plants, particularly in 
the less highly industrialized countries, but it should be in the hands of everyone associated 
with the manufacture or use of these materials. It would have been even more valuable if 
ithad been possible to reduce the period of nearly 2 years that elapsed between the holding 
of the conference and the publication of the report. 


W.E. Hitey. Conifers: South African Methods of Cultivation. Faber and Faber, 
24 Russell Square, London, 1959. Pp. 123, 9 inches by 54 inches, with 20 
photographs by the author. Price 21s. net. 


Review by F. C. Hummer 


OUTH African foresters, largely under the influence of Dr. Craib, have broken away 

from European tradition in their approach to forestry and have employed original 
methods in the cultivation of conifers. Some of the new methods have been described in 
scientific papers, but there was no general account of these revolutionary changes and their 
impact on forestry practice in South Africa, until Mr. Hiley published the eminently 
readable book which is the subject of this review. Mr. Hiley has performed a service to 
world forestry by publishing this account. While some methods described will be applicable 
mainly in countries with conditions similar to those in South Africa, the approach to 
forestry which gave rise to them deserves the serious attention of foresters throughout the 
world, even in countries not primarily concerned with problems of afforestation. 

Mr. Hiley has never made a secret of his enthusiasm for South African forestry, and 
especially for the methods of thinning introduced by Dr. Craib, and the first question 
most readers will ask themselves is whether this enthusiasm has coloured his vision. Only a 
forester with first-hand experience of South Africa could answer this question with 
authority, but the book bears internal evidence that Mr. Hiley has taken great care to 
establish his facts and to state them clearly, giving due weight tc those which do not appear 
to support his views. His conclusions, however, are controversial, as we shall see. 

In the first chapter, headed ‘The agricultural approach to forestry’, Mr. Hiley analyses 
the fundamental difference between the traditional forestry approach, and what he 
describes as the ‘agricultural’ approach, but which could perhaps more appropriately be 
termed the ‘economic’ approach. The traditional approach takes the existing forest as its 
starting point and is primarily ecological in outlook. The starting point for the agricultural 
or economic approach is the demand for forest products, forestry being a means of meeting 
these demands as economically and profitably as possible. Biological considerations merely 
impose certain restrictions. By his analysis Mr. Hiley may have helped to pave the way for 
asynthesis combining the best features of each approach. 

Chapter 2, which deals with the technique of numerical thinning, is little more than an 
introduction to chapter 3, entitled ‘Dr. Craib’s prescriptions’. This is an excellent account 
of how Craib developed his argument unencumbered by tradition or preconceived ideas. 
As the names of Craib and Hiley have become so closely associated with heavy thinning, 
the following statement deserves to be quoted in full. 

‘The main point at issue is, not whether we should thin plantations heavily or lightly, 
but whether we can show what will be the effect of our thinning methods. If we could 
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demonstrate that with light thinning timber trees could be grown more economically than 
with heavy thinning, then Craib’s conception would favour light thinning. In general, 
however, it appears that, within the range of thinning methods which are commonly prac. 
tised, the heavier grades of thinning give better economic results than the lighter grades, 
And, for this reason, those who follow Craib tend to thin their plantations more heavily 
than those who are against him.’ 

Chapters 4 and 5, dealing respectively with ‘Plantable areas and the principal species’ and 
‘Establishment and maintenance’, sketch in a background of local information adequate 
for the general argument of the book. Chapter 6, entitled ‘Forestry as an investment’, will 
make foresters in Europe envious of their colleagues in South Africa where very rapid 
growth and low wage rates combine to reduce the cost of growing timber. There are also 
notes on various Company plantations which convey a general impression of what is going 
on, but quite understandably no attempt is made at a critical appraisal of the various 
projects mentioned. 

Chapter 7 branches off into research and describes the so-called Correlated Curve Trend 
(C.C.T.) plots which were established to provide the basic information on the effect of 
spacing and thinning on the rate of growth. Those who may have had difficulty in following 
the original papers on this subject will thank Mr. Hiley for this extremely clear exposition 
of a novel and most promising method of conducting thinning research, which may have 
useful application in other countries. 

Chapter 8 is devoted to utilization and sawmilling, and he discusses therein a number of 
interesting topics ranging from the division of the sawmilling industry between State and 
private enterprise to the effect of ring width on timber quality, and from notes on the 
types of saw bench to the method of arriving at prices in long-term contracts for the 
supply of timber. The fact that there are both State and private sawmills necessarily gives 
the State a considerable measure of control over the whole industry and it would have been 
interesting to hear how well this arrangement works in practice. 

It appears that it is mainly for the final chapter that the book has been written. In it 
Mr. Hiley draws his conclusions and gives his opinions on the applicability of the South 
African ideas and methods to other countries, and especially to Great Britain. He con- 
siders that we should accept the principle that it is our duty as foresters to produce the 
timber we are growing as economically as possible, but he suggests that the methods of 
applying this principle, owing to our different environment, may require considerable 
modification to meet our special needs; a view most foresters will agree with. 

But the book has a sting in its tail and ends with a final conclusion: 

‘There is overwhelming evidence that the adoption of Craib’s calculated thinning pre- 
scriptions in South Africa, although the method of constructing them was a new departure 
in forest planning, has cheapened the growing of timber trees to an outstanding extent. 
There is a very strong probability, amounting in my view to a certainty, that the adoption 
of similar methods in Britain would greatly cheapen the growing of timber trees here. The 
working out of methods which are appropriate to our species, our markets, our soils and 
our climate, will require a large amount of research and, in the national interest, the 
Forestry Commission should design, and carry through, a programme of research which 
will meet this need. That they have not already undertaken such a programme, and have 
given no reasons for failing to do so, suggests that the Commissioners are not as anxious 4s 
they should be to manage their plantations with professional competence.’ 

Although stated as a conclusion the book has in fact presented little evidence which 
would enable a reader to judge whether or not this charge is justified. There is a statement 
on the preceding page that ‘the calculated gains from heavy thinnings would amount to 
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millions of pounds a year over Britain as a whole’, but Mr. Hiley does not show how he 
arrived at this very large figure. He also has not said anything about the research programme 
upon which the Forestry Commission is in fact engaged, or about the Commission’s current 
approach to economic and management planning. Without some knowledge of this back- 
ground, how can a reader judge whether or not greater priority should have been given to 
the formulation of calculated thinning prescriptions and multiple yield tables showing the 
effect of different thinning régimes on the rate of growth? 

It would, however, be a pity to let a technical issue obscure the fundamental lessons of 
South African forestry which Mr. Hiley has brought to our notice. The most important of 
these is that we should learn to manage our forest estate as a progressive commercial enter- 
prise without, however, discarding what is best in our European forestry heritage. 

It should be made clear that this is a purely personal review written in Rome while on 
an F.A.O. assignment and without any reference to colleagues in the British Forestry 
Commission. ; 


Note by Mr. W. E. Hitey 


Tue Editor has kindly allowed me to comment on Dr. Hummel’s remarks. 

A book on South African methods of growing conifers is not the place for a detailed esti- 
mate of the savings which might be achieved in Britain by adopting similar methods. But, 
in the paragraph immediately before that which Dr. Hummel quotes, I refer the reader to 
my Economics of Plantations (1956) for an outline of the ‘kind of research programme which 
I think we should undertake’, and it is described in chapter ix of this earlier book. The 
financial background to this programme is developed in chapter vi, in which the economic 
significance of different methods of thinning is demonstrated. 

Craib estimated that his thinning régime might raise the gross (and, approximately, the 
net) income on a 30-year rotation of Pinus patula, quality class I, by £7 per acre per 
annum. In Britain the corresponding increase would be less than this, and for Norway 
spruce, quality class II, I estimated a difference of about £3 per acre per annum on a 65- 
year rotation, and more on a longer rotation (see Table 12). It has not been worked out in 
such detail for other species and, though for slowly growing plantations it would probably 
be less than £3 per acre, it might represent a larger proportion of the net income. — 

As the area of coniferous plantations in Britain is over a million acres, the increase in the 
annual net income could thus be raised by millions of pounds if they were thinned intelli- 
gently. The gain would be realized principally in the later years of a rotation, but at 
Dartington we are already securing sizeable advantages even in the early years. 

Ata conference last autumn the Director of Research in the Forestry Commission clearly 
stated that he did not consider this kind of research to be of major importance or urgency. 


H. M. Steven and A. Caruste. The Native Pinewoods of Scotland. 19X25 cm. 
Pp. xvi+ 368, with 20 photographic plates. Oliver and Boyd, Edinburgh, 1959. 
Price 635. 


Review by Eustace W. Jones 


HE natural forests of the Scottish Highlands have long attracted naturalists, yet 
scarcely any scientific work other than collecting has been carried out in them, and 
although their distinctive flora and fauna in general have been studied, the pine itself has 
been given very little attention. Existing accounts of the pine woods are very inadequate, 
the best from the ecological point of view being that in Tansley’s British Islands and their 
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Vegetation. In botanical literature the incorrect impression is often given that Rothie. 
murchus Forest and the Black Wood of Rannoch are the principal surviving examples of 
indigenous pine forest in Scotland. Steven and Carlisle’s book is therefore very welcome, 
for it is an authoritative and scholarly contribution to the study of Scottish forests, The 
subject-matter of the book falls into three main sections, which are somewhat disconnected: 
a general account of the history and ecology of the forests, a ‘descriptive catalogue’ of all 
surviving examples of woodland which the authors believe to be composed of naturally 
regenerated indigenous pine, and a study of the morphological variation of pine in Scotland, 

The excellent chapters dealing with the history of the woods form a contribution to the 
study of Scottish vegetation in general, for they summarize the evidence (some of it hitherto 
unpublished) from glacial geology, pollen analysis, archaeology, and documents; they should 
prove of value to many besides foresters and botanists. The amount of fossil pine pollen in 
peat bogs increases greatly towards the top of the peat, thus showing the effect of planting 
during the last 200 years. The authors conclude that pine was probably never much more 
widespread or abundant as a spontaneous tree than it is now, and that, as a result of plant- 
ing, there is now more pine in Scotland than ever before. 

In the ‘Descriptive Catalogue’ each forest is described according to a fixed schedule, 
under the headings: owner, location, history, climate, topography, tree species and larger 
shrubs, field layer, age structure, growth and stocking, fauna, natural regeneration. Beauti- 
fully prepared maps show, district by district, the distribution not only of pine woodland, 
but of associated woodland of other species, and of areas carrying scattered trees or natural 
regeneration. As a record of existing conditions this catalogue is clearly of great value. 

The method of description leads to some repetition, and to the inclusion of some details 
of doubtful importance, but the book is spaciously planned, and convenience for reference 
has obviously been put before compactness. The significance of the usually very precise 
figures for precipitation (‘rainfall’) and temperature would have merited explanation, 
particularly in a country where meteorological stations are rare and the forest to which the 
figures apply may range over as much as 800 feet of altitude. The historical information 
which is incorporated in these accounts greatly amplifies the general picture which is 
presented in the earlier part of the book, and makes tasty browsing. Many Sassenachs will 
feel that the Scots were already showing that keen practical sense in forestry which has 
since made them so eminent in the profession when, in 1693, the culprit who burned 
heather to the danger of neighbouring pine forest could be punished by being nailed through 
his ear to the gallows. The mass of documentary evidence on forest history which has been 
assembled is perhaps the book’s most outstanding feature; clearly it is the result of very 
wide reading and much research. 

The ecological treatment is extensive rather than intensive, and tends to remain con- 
tent with the simple statement of facts (e.g. ‘There has been more natural regeneration at 
Glas-leitire during the past 50 or 60 years than in any other western native pine wood.’) 
with little attempt to elucidate causes. In particular, despite some discussion, no com- 
pletely satisfactory answer is given to the question of why there is little recent regeneration 
in forests which evidently regenerated copiously 150-200 years ago. Again, nineteen ‘com- 
munities’ are described, principally in terms of the field layer, and it is admitted that some 
of these are communities associated with dense stands and some are associated with open 
stands, but no attempt is made to relate the dense- and open-stand communities of similar 
soils, or to show to what extent density and openness of stand are themselves dependent on 
site conditions, or to what extent age of stand determines the field-layer ‘community’. In 
other words, the ecological observations which are recorded are of a very general nature 
and are those which would be observed on a reconnaissance survey, and are doubtless not 





intended 
sive ecol 
should h 
able are 
The s 
jish lang 
re-assess 
of the re 
does no 
been asc 
be the 1 
genotyp 
factorily 
maintai 
to that 
would g 
princip! 
variable 
are not 
inherite 
so mucl 
Pp: 49, 1 
of pine 
asingle 
have b 
variant 
The 
residen 
hope, ¢ 
be con 


lands. 


D. B. 
Bul 
Pric 


7 
F 
apply 
to wo! 
(revier 
the tv 
of Fre 
and t 
well-| 
near | 


Au 


Rothie. 
nples of 
elcome, 
ts. The 
nected: 
2’ of all 
iturally 
otland, 
| to the 
itherto 
should 
en in 
lanting 
1 More 


plant- 


edule, 
larger 
jeauti- 
dland, 
atural 
ue, 

letails 
rence 
recise 
ation, 
*h the 
ation 
ich is 
s will 
h has 
irned 
‘ough 


"very 


con- 
on at 


com- 
ation 


some 
open 
nilar 
it on 
In 
ture 
; not 





REVIEWS 203 


intended to be anything more. There is obviously much still to be learned from the inten- 
sive ecological study of small areas, and the information recorded by Steven and Carlisle 
should help the prospective ecological student greatly by guiding him to the most profit- 
able areas in which to work. 

The study of the morphological variation in pine provides a useful summary in the Eng- 
lish language of much Scandinavian and German work. It is also important in that it 
re-assesses the systematic importance of some morphological characters (e.g. the position 
of the resin canals in the needles), it corrects previous descriptions of the ‘var. scotica’ (it 
does no credit to systematic botanists that the length of needle (3-8 cm.) which has often 
been ascribed to this variety is at the lower limit of what actual measurements prove to 
be the usual range of length), and it attempts to decide which variants are likely to be 
genotypic, but it scarcely answers the question as to whether ‘var. scotica’ can be satis- 
factorily defined other than as ‘Scots pine indigenous to Scotland’; although the variety is 
maintained, the general impression is given that Scottish pine is so similar morphologically 
to that from southern Sweden that no systematic botanist unbiased by national sentiment 
would give it varietal status. There is perhaps insufficient realization in this section of the 
principle—which is too often ignored in provenance studies in forestry—that many of the 
variable characters whose cause we seek to ascertain may indeed have a genetical basis, but 
are not themselves directly inheritable; they are the result of the interaction between an 
inherited constitution and environment. That this is so for the bark-characters which were 
so much studied by Seitz is obvious from a paper by Vanselow (Allg. For. u. Fagdztg. 110, 
p. 49, 1934) to which the authors do not refer, where it is shown that different provenances 
of pine do indeed differ in their bark when they are grown together, but that the bark of 
asingle provenance can assume different forms in different localities. It would, incidentally, 
have been better to say on p. 252 that Seitz claimed (rather than found) that the bark 
variants were independent of age and increment of the trees. 

The book is beautifully produced, with excellent illustrations, and should be a welcome 
resident in the libraries of many foresters and naturalists, and—may we be permitted to 
hope, despite its cost—of those people whose inheritance it describes. The authors are to 
be congratulated for this notable addition to the books dealing with our flora and wood- 
lands. 


D. B. Parerson. 4 Study in Stand Structure and Management of Irregular Forests. 
Bulletin No. 5, Forestry Department, University of Edinburgh, 1958. Pp. 53. 
Price 75. 

Review by M. J. Penistan 


HIS Bulletin is condensed from studies made in 1953 for the Honours Degree in 
Forestry in Edinburgh University. These studies were made to find basic data to 
apply to the management of irregular woods in Britain. While attention is drawn repeatedly 
to work done in Switzlerland and to that of Schaeffer, Gazin, and D’Alverny in Sapiniéres 
(reviewed in Forestry, xxxi. 1), which was the third Bulletin of this series to be published, 
the two eutteinaallets studied are on comparatively new ground in the Massif Central 
of France and in the Ardenne of Belgium. The method of collecting data in these forests 
and their use in management calculations and prescriptions is collated with data of the 
well-known, but previously unmeasured, stands at Weasenham, Norfolk, and Rossie Priory, 
near Dundee. 
Aubusson is a communal forest in the Massif Central. It has been managed as a selection 
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forest since 1875 and the species concerned are Abies alba gt per cent., Fagus silvaticg 
8 per cent., and Picea abies 1 per cent. After general enumeration, volumes have been 
worked up by various volume tables, and yield is calculated by Mélard’s formula. This js 
not leading quickly enough to normal stocking or completely satisfactory regeneration, 
and recruitment. Next the data for Weasenham is given, whose gradual evolution from an 
even-aged plantation by group planting of many species and now by regeneration is wel] 
known and here well described. Compartment enumerations are given and one is singled 
out as approaching normality in size class distribution when compared with European 
data. There is, however, a marked difference in species from Aubusson. They are, apart 
from Scots pine (P. silvestris), exotic and of the first generation in the area—Pseudotsuga, 
Abies procera and nordmanniana, Tsuga, Thuja, Abies grandis, Picea abies, Larix spp., and 
other small groups or specimens. 

The broadleaf comparison is between the beech (Fagus silvatica) selection forest of 
Hautfays (where the first formal enumerations of the Check Method were made in 1930, 
and where the application of data has been classic and detailed and is carefully described) 
and the sycamore (Acer pseudoplatanus) and ash (Fraxinus excelsior) at Rossie Priory, 
enumerated for the first time in 1952. 

The silvicultural disparity in both the conifer and broadleaf examples is marked, but, at 
least to some extent, unavoidable. There are some beech areas which have been enumerated 
repeatedly in the Chilterns which might have been considered, though there the relatively 
even age of an uneven stand structure is a disadvantage. The paper omits silvicultural 
problems where possible, however, and concerns itself with comment on the management, 
stand structure, and development of the forests studied, and on the effectiveness of manage- 
ment by the methods used. This occupies the first part of the bulletin. 

In Part II proposals for management of irregular forests in Britain are made. The 
methods available are discussed. That of fellings on successive coupes (par contenance) is 
dismissed for lack of numerical data on which to base felling prescriptions in relation to 
growing stock, and because its efficiency rests solely on the integrity and experience of the 
staff or owner. (Is this a good reason ?) Of enumeration control methods, the official French 
procedure of enumeration without fixed measurement marks, which uses a set of tariff 
tables which may vary between successive enumerations, is considered, rightly, to be less 
accurate and effective than the procedure of the Control Method. Comparison or checking 
of results is preferred to be by size classes, rather than by size groups (bois petit, bois moyen, 
and bois gros) or by the total for all sizes. For prescribing the cut the French formula 
method is discarded for the ‘arbitrary’ one in which a study is made of the production of 
the stand, its present volume and distribution and the ideal volume and its distribution. 
The manager has then to decide whether he will over- or undercut the production in the 
next period. 

Having made a successful case for the control method the application is discussed and 
recommendations made. These are: 

(a) Size of forest. (In the bulletin that unfortunate word ‘unit’ is used.) It is pointed out 
that most Swiss selection forests average 300 acres, while there were 590 acres at Hautfays 
—which appeared to be about as large as could conveniently be totally enumerated (a 
party of 3 can do 20 acres a day = 100 acres a week = 800 acres a year). This, of course, 
can be extended where sample enumerations are used, and these will prove essential where 
Jarge forests are concerned. The numerous painstaking, if simple, calculations involved in 
control by each size class also limit the area which can conveniently be managed by one 
forester. (Enumeration over much greater areas is quite customary in working plan revisions 
in France and Germany.) Although it is not stated here, it is the intensity of working and 
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the need for closely applied informed silviculture which limits area, though the normal 
limit of communal holdings is low, and the opportunity for the free practice of forestry 
greater in them than in the larger State-owned forests. 

(b) Size of compartment. This should not be less than 15 acres and not more than 36 acres, 
This cannot but be considered reasonable, but some mention should surely be made of the 
complications which follow the application of data taken for a compartment which covers 
varying sites. The need to reconcile management with the media on which the timber is 
grown is not stressed enough, especially where sample enumerations are made. 

(c) Choice of volume table. The simple, universal table is to be preferred, reading in silves 
(Hopsils). 

(d) Minimum measurement size. The class equivalent to the 6 inch q.g.b.h. class is the 
lowest used in Switzerland apart from Neuchatel, and this is accepted, for volume control. 
The next low class, 44 inch q.g.b.h., is recommended for enumeration to control the recruit- 
ment situation. This has a lower limit of 3# inch. With pitwood, an important British 
market, this is advantageous. 

(e) Size-class interval. The 1} inch q.g. interval of France and Switzerland is chosen on 
the grounds of acceptability by Kniichel and experience in Weasenham and Rossie Priory. 
For ease of reading data alone this seems preferable to the 1} inch q.g. classes of Neuchatel. 
(It also has the great advantage to field foresters that the time of passage from one class to 
the next is roughly the same in years as the rings per radial inch of current growth.) 

(f) Size-class groups. The French and Neuchatel groups of small 6, 7}, 9 inch q.g. classes; 
medium 10}, 12, 134, and 15 inch q.g. classes; large 16} inch q.g. class and over; are chosen 
without discussion. It seems, in the reviewer’s experience, both of irregular beech- 
woods and of conifer management, that these could well be reduced one class, especially 
where control is generally by size groups and not size classes—a stage through which the 
evolution of practical irregular forestry in Britain must pass. 

(g) Volume table. It is proposed that the simple Hopsil table be used, with reduced 
volumes for the earlier size classes. These bring it into line with Ray Bourne’s Chiltern 
Silve table in the smallest classes. At present the Hopsil table is quite as acceptable as any 
other for general work, but much will be learned as factors from Hopsil to felled measure 
develop. In the reviewer’s very limited experience, it appears to give results between 
broadleaf stands and conifer stands and to be applicable to mixed stands. Where and when 
practice becomes informed and intense in separate regions in Britain, it seems desirable to 
make regional tables of local application, as Bourne’s is. 

(h) Frequency of inventory. Periods of 6 years for conifers and 8 years for broadleaves are 
considered desirable on the basis of continental experience, considering average rates of 
growth and intensities of felling. There is no consideration of the influence of climate on 
periodic growth which concerned Kniichel. 

(i) Calculation of production. The detailed, size class, method explained in the account 
on Hautfays is recommended. It is, however, surely enough, in the formative stages of 
irregularity, to use the much simpler size group and aggregate method as used in Swiss 
practice and detailed by Kniichel. 

(j) The periodic cut is to be (rightly) arbitrary. 

Finally, ideal growing stocks for broadleaf and for medium and fast growing conifers are 
given. These are calculated by the methods put forward in Sapiniéres. It is made clear, 
however, that ‘. . . every forest has its own ideal growing stock which must be ascertained 
gradually by experimental treatment . . .’. Just how applicable the curves drawn are to 
British conditions time will show. What is important is that a reasoned basis for the control 
of irregular silviculture has been provided. 
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The sentiments of the last paragraph of Mr. T. E. Edwardson’s review of Sapinicres are 
shared by this reviewer; that more accounts of controlled irregular practice at home and 
abroad will be welcome and useful. The continued use of Hopsil is however welcome, 


Forestry Commission. Forestry Practice. Bulletin No. 14, 7th edition, 1958, 
H.M.S.O. Pp. vi+93, diagrams 4, tables 12. Price 55. 6d. 


Review by E. C. Moss 


HIS bulletin, with the sub-title 4 Summary of Methods of Establishing Forest Nurseries 

and Plantations with Advice on other Forestry Questions for Owners, Agents and Foresters, 
first appeared in 1933. To have reached its seventh edition in the comparatively short 
period of 25 years is an indication both of its popularity and value and of the need for 
frequent revision to keep it up to date. In this edition, which is the combined work of ; 
team of Forestry Commission officers, mainly of the Research Branch, much has been 
rewritten and numerous additions have been made. It should certainly prove as valuable 
and as popular as its predecessors. 

As in earlier editions, it is divided into four parts, but there is a much greater sub- 
division—twenty chapters and three appendixes, compared with the nine chapters of the 
previous editions. Quite apart from the new material, there is also an increase in the section 
headings in thick type. In the absence of an index, these changes are to be welcomed, as 
they facilitate reference to particular points. 

In Part I, Nursery Work, the former Introduction has been completely rewritten and 
elevated to the status of a chapter. A useful addition is a section on Heathland and Wood- 
land Nurseries. Under Supply of Seed, the importance of provenance is stressed, and refer- 
ence is made to the Scottish Forest Tree Seed Association. Possibly an addendum slip 
might soon be issued regarding the newly formed corresponding association of England 
and Wales. 

Useful tables giving Dates for Seed Collection and General Seed Data and Sowing 
Prescriptions for conifers and hardwoods have been added, and also a table of Recom- 
mended Lining-Out Distances between Plants; but it is a pity that the authors have 
omitted the table given in former editions showing for various species per acre of planting 
the quantity of seed to be sown in the nursery, the nuimber of plants to be lined out, and 
the number ultimately to be planted at the spacing recommended. 

Under Weed Control, the use of the blow-lamp is now regarded as less satisfactory than 
mineral oil sprays, and information is given on both pre-emergence and post-emergence 
spraying. Although the risk of damaging the seedling crop with the latter is mentioned, 
possibly, in view of the loss that some private owners have suffered, a more severe warning 
might have been given, for instance by a list of ‘Don’ts’. No mention is made of the Dune- 
mann method of raising seedlings, which, although also liable to be risky and not a common 
Forestry Commission practice, has been carried out both in Commission and private forest 
nurseries with marked success. 

New sections are added on Undercutting and on the Storage, Packing, and Transport of 
seedlings, and mention is now made of the use of ‘Polythene’ bags. 

Under Manuring and Management, greater emphasis is given to fertilizers and less to 
composts and to green crops than previously. For the latter suitable fertilizers are men- 
tioned and for pure oats spraying is recommended to control broadleaf weeds. No mention 
is made of watering, although there are quite a number of nurseries where this is practised 
in some form or another. 





Mech 
sprayer, 
planter, 
of the n 
who, af 
with set 

The 
covers ; 
most su 
Pests, a 
ment 0 
for var 
Follow 
previot 
among 
need tc 
the les 
(Picea 
the pr: 
of limi 
separa’ 
Notes, 
siderat 

An 
long v 
althou 
ordina 

Ina 
of Bar 
and a 
matel: 
on the 
leads | 
in af 

Th 
which 
great 
ment 
be de 
prove 

Th 
ment 
Crow 
Scotl 
schec 
crow 

TI 
prov 
avail 


eres are 
me and 
ne, 


1958, 


Ur Series 
resters, 
short 
2ed for 
rk of a 
s been 


luable 


r sub- 
of the 
ection 
ed, a3 


m and 
Vood- 
refer- 
m slip 
gland 


owing 
=com- 

have 
nting 


t, and 


’ than 
pence 
oned, 
rning 
June- 
amon 
forest 


ort of 
235 tO 


men- 
ntion 





REVIEWS 207 


Mechanization receives mention in several connexions, such as the tractor-mounted 
sprayer, undercutter and plant-lifter, the Ledmore lining-out plough, the ‘Holland’ trans- 
planter, and mechanical steerage hoes and cultivators. It is to be hoped that the prospect 
of the need for a multiplicity of machines will not discourage the owner, agent, or forester 
who, after taking other matters into consideration, had decided to run his own nursery 
with seed-beds and transplant lines. 

The second part, on Plantation Work, occupies rightly well over half the bulletin, and 
covers all aspects of the work from the selection of the land for planting and the species 
most suited to it, to the thinning of the established crop, with chapters on Diseases, Insect 
Pests, and Fire Protection, and also on the Treatment of Former Woodland and the Treat- 
ment of Coppice. A useful feature at the beginning is a table on Plant Indicators, showing 
for various plant associations the conditions indicated and the species recommended. 
Following this are several pages of Tabular Notes on Individual Species, which appeared in 
previous editions, but which have been considerably revised. Hybrid Larch is now included 
among the most commonly used conifers. Under the European larch, note is made of the 
need to consider both site conditions and seed provenance if canker is to be avoided. Under 
the less important conifers, Monterey cypress (Cupressus macrocarpa) and White spruce 
(Picea alba) have been omitted, while Mountain pine (Pinus mugo) has been added. Under 
the principal hardwoods, Balsam poplars have now been given a place, while hardwoods 
of limited value—birches, field and Wych elm, common alder, limes, &c., have now been 
separately treated. The column on Age to Plant has been omitted from these Tabular 
Notes, but the Time of Planting and the Age and Type of Plant are given separate con- 
sideration two chapters later. 

An interesting section on Pure Crops and Mixtures indicates that opinion has gone a 
long way beyond the advice given in former editions, even as late as the sixth in 1953, 
although admittedly with some reservations, that ‘it is better to plant pure, for in the 
ordinary way, without constant skilled attention, mixtures are apt to get out of control’. 

Ina chapter devoted to Preparing Land for Planting, there is a new section on Ploughing 
of Bare Land, while the section on Draining has been rewritten. The general considerations 
and advice given should greatly aid in the preparation of draining schemes, although ulti- 
mately every area will require its own draining plan, drawn up after careful consideration 
on the site. The importance of drain maintenance is stressed in the next chapter; blockage 
leads to wet patches, and ‘there can be no doubt that practically all windblow, other than 
in a rare catastrophic storm, begins in the wet patches’. 

The treatment of old woodland, coppices, thinly stocked or devastated areas and scrub, 
which was very briefly dealt with in little over half a page in the last edition, has now been 
greatly expanded, with separate chapters on Treatment of Former Woodland and Treat- 
ment of Coppice. Again, although every area will require its own method of treatment, to 
be determined only after full consideration on the site, the general advice given should 
prove a very valuable guide to the many owners and others having to deal with such areas. 

There is little change in the chapter on Thinning, which includes notes on the Treat- 
ment of Individual Species and of Mixtures. Very brief reference only has been given to 
Crown Thinnings, which is surprising in view of the increase in their application in parts of 
Scotland and Wales, and also of the statement under Choice of Grade: “The thinning 
schedules given in this pamphlet are intermediate between a pure low thinning and a pure 
crown thinning’, even though ‘they approach more closely to a low thinning .. .’. 

The chapters on Diseases and Insect Pests have been rewritten and considerably im- 
proved. No information is now given about fungicides, in view of the wide range now 
available for horticultural plants, it being assumed that trees in the nursery would be 
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unharmed by the average dose recommended. Possibly more difficulty will be experienced 
in identifying the pests than the diseases, as it is not possible to classify them by tree Species 
and insects in the same clear manner as has been done for the fungal diseases; but in both 
cases references have been given to the relative Forestry Commission Leaflets and other 
publications, and these should be in the possession of every serious user of this bulletin, 

The chapter on Fire Protection has been very considerably enlarged and very useful 
advice is given. The co-operation of the fire brigade, both in the prevention and the 
extinguishing of forest fires, is most valuable; but it should not be abused, and instead of 
making it a ‘must’ for the forester to see that the fire brigade is being called in, he should 
be given the responsibility in the first instance of deciding from his knowledge of the locality 
where the fire is believed to be whether or not to call in the fire brigade at once. ; 

Part III, Utilization, has been completely rewritten and includes chapters on Licensing 
of Felling and General Marketing Arrangements, Uses of Timber (a new feature), Timber 
Preservation, and Tools and Appliances (also a new feature). Diagrams are given illustrating 
creosoting and stacking for air seasoning. The equipment shown for full immersion creosot- 
ing should not be accepted without modification, especially if the creosote is to be reheated 
before removing the timber, as the arrangement given involves loading and unloading the 
charge right in front of the fire door, with grave danger of drips running into the fire and 
the fire spreading out of the fire chamber. 

Part IV, Miscellaneous Information, is shorter than previously. The sections on The 
Working Plan, Reports and Records, Accounting System, Nursery Costings, Income Tax 
and Death Duties have been omitted, and the section on the Dedication Scheme consider- 
ably reduced, reference being made to other Forestry Commission publications dealing 
with some of these points. The information regarding grants of various kinds is already out 
of date, and to avoid continual revision of the bulletin for the sake of the last chapter, it 
would be better if the types of grant available only were mentioned and the reader referred 
to a separate smaller pamphlet, which could be more easily kept up to date, for the actual 
amounts of the grants. 

The bulletin is well produced; the printing in double columns is large and clear, and 
the language is simple and easy to read. A new departure is the introduction of artistic (or 
pseudo-artistic) covers, which make the bulletin look something like a child’s story-book. 
One wonders why, for a bulletin dealing with nurseries, planting and young plantations, 
the front cover should depict the mensuration of large trees, with a recorder using a 
cumbersome form stretching from his thigh to his neck. On the back, felling, loading, and 
planting are depicted; it is not clear which way the planters are proceeding, but whichever 
way, one wonders what the work-study people would have to say about it! 

To conclude, the bulletin is extremely good, and can be unreservedly recommended to 
all who have anything to do with practical forestry in Britain; it should be invaluable to 
those for whom it has been specially prepared. 


Eustace W. Jones. Biological Flora of the British Isles. Quercus L. F. Ecol. 
xlvii, 169-222, 1959. Reprinted Blackwell Scientific Publications, Oxford. 
Price 85. 6d. 


Review by A. S. Watr 
HE project of the preparation and publication of the Biological Flora was initiated by 


the British Ecological Society, and although the work was slowed down during the 
last war, it has been tackled with renewed vigour since. Already it has received high praise 
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from overseas botanists, and its value will increase as the number, range, and scope of the 
species dealt with increase. 

Briefly the aim is to assemble known data about the biology of a species under a schedule 
of headings within the compass of about six pages of the Journal of Ecology. If the facts are 
unknown or incomplete this is stated, so that the reader has the opportunity of filling the 
blanks if he has the necessary information. With species of exceptional importance more 
space is allotted, and in the genus Quercus we have native species whose economic, ecological, 
and historical importance is such as to warrant this longer account—in all fifty-four pages. 
Aneven fuller account is available in the library of the Imperial Forestry Institute. 

Q. robur (pedunculate oak) and Q. petraea (sessile oak) are not always distinguished in the 
literature, hence the two form the basis of a joint treatment. Both are native, although 
their proportions vary greatly in different parts of Great Britain and would appear to vary 
in time through replacement of Q. petraea by the planting of Q. robur. 

Following a useful account of the ways of distinguishing the two species by habit, bark 
of mature tree, terminal buds, fruiting peduncle, acorns and leaves of spring shoots of 
crown, the data are presented under the following headings and sub-headings, which 
will give to readers of Forestry an indication of the scope and contents of the accounts in 
the Biological Flora: geographical and altitudinal distribution (general and in Britain) ; 
habitat, climatic and topographic limitations, substratum ; communities ; response to biotic 
factors, coppicing, fire, grazing; gregariousness, performance in various habitats, relation 
of increment to crown, influence of density on height growth, influence of weather on 
growth, effect of frost, drought; morphology, mycorrhiza, perennation, reproduction, 
longevity, age at first fruiting, chromosomes, water consumption, light requirements, 
exudation of sap, increment of standards; phenology, time of root growth, appearance of 
new leafy shoots, time of flowering, time of leaf-fall, time of seed-fall; floral biology, 
pollination, hybrids, seed production and dispersal, viability of seeds, germination, the 
biology of the acorn, seedling morphology, the establishment of seedlings; animal feeders 
or parasites, birds and mammals, insects and mites, followed by a list only of those most 
closely associated with oak but filling about 3} pages none the less, plants and fungus 
parasites, diseases; and finally history (both ancient and modern). 

Brief but useful reference is made to three naturalized species, Q. borealis var. maxima 
(the American Red Oak), Q. cerris, and Q. ilex. 

Much of the information comes from continental sources, but to the information from 
native sources Dr. Jones has added much of his own. His classification of plant communities 
is based on the two chief factors of nutrient supply and the water régime with a graded 
nutrient supply forming the primary division, each of which is then subdivided according 
to the water supply. Time, we hope, will add more data from this country including the 
performance of the oaks in quantitative terms in each of these communities. 

On p. 191 bud-scars should be bud-scale scars. 

The author of this account is admirably fitted by natural inclination, training, and 
experience to write about these important species. His scientific training emerges in his 
careful sifting of confusing and sometimes contradictory statements and his appeal to 
experiment for decisive evidence. His knowledge of forestry urges him to incorporate data 
on growth, form, and recent history from sources largely untapped by the general run of 
ecologist and to the forester he presents a critical up-to-date account of the biology and 
ecology of the two species as separate entities. 

This account of the oaks is thoroughly recommended to foresters for its factual content 
and its balanced judgement on points in dispute about our two native oaks. 


3355 .2 4 
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J. van Sorst. Stem Form and Volume of Fapanese Larch in the Netherlands. Ponsen 
and Looijen, Wageningen, 1959. Pp. 75; 45 tables and 43 figures. 


Review by R. Lentrere 


OEST deals in his book with many mensuration problems, of which the most important 

is the preparation of a volume table with two entries (diameter at breast height and 
total height) for Japanese larch in the Netherlands. For this purpose sample trees taken 
from thinnings and clear fellings were measured in sections, and the volume over bark of 
the total stem wood calculated. 

The author first examines fifteen methods of preparing volume tables. Three of these 
methods are allied to van Wiilfing’s stem form equation; five are based on the regression 
calculations and seven are graphical methods. For this investigation 518 sample trees have 
been used. Results are expressed as form factors, and then the relative standard deviation 
calculated, which is used as a criterion for comparison. 

Some well-known methods appear to be unsuitable for preparing volume tables from the 
data for these Japanese larch. The graphical method (the volume is smoothed on diameter 
and adjusted on height), described by Chapman and Meyer, has been unsatisfactory in 
height classes up to 10 metres, but results show some improvement in higher height classes, 
Modifications of von Wiilfing’s method has systematically underestimated the volume at the 
base of the stems. Schumacher and Hall’s method has given better results than the first 
two methods, but we know from other sources that this method overestimates the volume 
by 2-24 per cent. 

In general the results are as follows: 


(a) The smallest relative standard deviation is obtained when the b.h. form factors have 
been smoothed graphically on diameter and height, but when the form factors have 
been smoothed on diameter alone, the result is a slightly higher relative standard 
deviation. 

(6) The method which uses the b.h. form factor instead of the volume as the dependent 
variable gives better results. 

(c) The accuracy of graphical methods can be considered equal to the mathematical 
ones. 


Secondly, an investigation is made to discover whether the best mathematical solution, 


i.e. Naslund’s function | f (form factor) = ath b+], can be improved. A proof is 
13 

provided by bunch map analyses that in Naslund’s function the parameter b, is undesirable. 

The final function is fixed as f (form factor) = a+blogd,., for trees over 5 cm. bh. 

diameter, after finding that height does not give significant supplementary information 

when already the diameter as an independent variable is used. 

Soest points out that the various methods, using the height and diameter as the indepen- 
dent variables, express the b.h. form factor trend differently. Within the same diameter 
class the form factor decreases with increasing height according to von Wiilfing; it increases 
according to Schumacher and Hall; and first decreases and then starts to increase slightly 
according to Naslund’s method. So the author finds additional support for leaving out the 
height as an independent variable from his function. 

It is interesting to compare Soest’s tables with the general volume tables for Japanese 
larch in Great Britain, which are prepared according to the volume-basal area line method, 
and the b.h. form factor changes with girth as well as with height. Making allowance for 
the volume of top wood under 3 inches diameter, the differences between the two tables 
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are small. The b.h. form factor in the British tables for trees with a b.h.q.g. of over 5 inches 
differs from the form factor in Soest’s tables from —2-2 per cent. to +2-I per cent. 
The form factor of the smaller trees shows a greater difference. 

Soest shows that the b.h. form factor level of the individual stands can differ about 10 
per cent. from the volume tables. Therefore the possibilities of preparing the three entry 
tables is examined in which height and diameter, as well as the taper of trees, are taken into 
account. The correlation calculations show that the diameter at a third height of the tree 
is the best representative of tree volume. But when using two diameters, and one of them 
is at breast height, a better result has been obtained with the diameter at half height. For 
practical reasons the second diameter has been fixed at 6-0 metre height. The function 
(f= 1:245—1-749 log dy g+1-692 log d,—o-415 log 4, d in cm., 4 in metres) for b.h. form 
factor has been worked out and tables with three entries prepared. For application Soest 
advises one to measure the height and two diameters of 25 trees and calculate the volume 
by the three entry tables. The volume line is prepared according to the volume-basal area 
line method and used for the calculation of the stand volume. It is expected that the error 
in volume will be within 3 per cent. 

This method is laborious and in forestry practice it will seldom be used, but for research 
purposes the method is promising. Some investigators (Mitscherlich, Zimmerle) have used 
asecond measuring point at § metres height, which is easier to measure from the ground. 
It would be desirable that the second measuring point should be internationally the same, 
like breast height. 

Tables have also been produced in this book for the relascope in which the stand volume 
is determined by mean height and total basal area. In these tables the stand form factor 
varies according to the mean height, and the effect of stand structure on the form factor is 
disregarded. As the relascope method does not claim great accuracy, the table is acceptable 
in practice. 

According to Soest, in Japanese larch the thickness of the bark of individual trees varies 
considerably, but it is not necessary to take many measurements per tree. A table is pre- 
pared which gives the bark percentage when diameter and double bark thickness at breast 
height is known. This table can be used in this country too, and we can expect that it will 
give the bark percentage with a greater accuracy than the average figures in the British 
Japanese larch volume tables. 

The text is brief. Chapter III could have been expanded in order to convince readers 
that the relative standard deviation is a sufficient standard for the comparison of the 
methods which have different dependent variables. Secondly, the statistical terms are used 
inconsistently sometimes, particularly in the last paragraph on pp. 24, 25. 

The book is useful for mensuration officers and students who want to gain a wider 
knowledge of mensuration, and practical foresters will find ten useful tables in the book. 
A thorough list of the literature is provided, where about 300 names are quoted. 


Rosert Gurney. Trees in Britain. Faber and Faber, 24 Russell Square, London, 
1959, 228 pp., 18 photographs, 87 sets of line drawings. 


Review by H. L. Evin 


HE most valuable feature of this handbook is the author’s collection of line drawings 
of the broadleaved trees. The 87 plates include about 500 sketches of botanical details, 
and are more comprehensive than anything currently available. For many species, the 
germinating seedlings are included, so putting on record valuable scientific knowledge that 
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has long been neglected. The text is noteworthy for the attention paid to the more 
difficult groups of broadleaved trees—the elms, the willows, and the Rosaceae. It is ful] of 
much curious learning from a broad field of general science, and many interesting fact, 
concerning the history of our common trees. The whole is rounded off by eighteen magni. 
ficent photographic studies of trees as one sees them growing in the English landscape 
rather than as isolated specimens in arboreta. It is a pity that photo. §, a charming study of 
sunlit wych elm leaves and fruits, should be labelled ‘beech’. 

Unfortunately the treatment of the coniferous trees is quite inadequate for any practis- 
ing forester. The whole of the Pinaceae are dismissed in 17 pages—less than is devoted to 
the willows ; details in the drawings are scanty, and few seedlings are shown. This book wil] 
be of value to anyone concerned with the study of the less common broadleaved trees, most 
of which hold much interest for the botanist though none has much economic value, 
But it gives little help to those concerned with growing conifers, whether for ornament or 
for timber. 


NOTICES 


F.A.O. and E.C.E. Fibreboard and Particle Board. Rome, 1958. 6 volumes. 


HE report of the F.A.O./E.C.E. International Consultation on Insulation Board, 

Hardboard, and Particle Board, held in Geneva in 1957, has been published under the 
title Fibreboard and Particle Board and is reviewed by Dr. R. H. Farmer in this number of 
Forestry. For this Consultation background papers to cover the many aspects of the board 
industry were prepared by recognized authorities. Containing authors’ revisions and correc- 
tions, the 114 papers are reproduced in six volumes. Volume I deals with World Consump- 
tion, Production, and Trade; volume II with Raw Materials; volume III with Fibreboard; 
volume IV with Particle Board; volume V with Economic Aspects of Production and 
Marketing; and volume VI with Applications and Uses with an appendix on Cork. 


Forestry Commission. Small Pulp Mill Survey. United Kingdom. H.M.S.O» 

1959. Pp. 43. Price 45. 

N economic study carried out on behalf of the Organization for European Economic 

Co-operation by the Consultants, Messrs. Sandwell and Co., Ltd., Vancouver. A 

separate survey is to deal with insulation board, hardboard, and wood chipboard (particle 
board). 

These two reports were chosen as the subject at the Society’s first Discussion Meet- 
ing held at Northerwood House from the 13th to 15th November 1959. The selected 
title of the discussion was ‘The development of pulp and particle board industries and 
their effect on forest management with special reference to the Sandwell Reports’. 

The above calls attention to the earlier of the two reports to be published. It is hoped to 
publish an account of the discussion separately. 


James A. Taytor and R. A. Yates. British Weather in Maps. Macmillan and 
Co., Ltd., London, 1958. 6x9 inches. Pp. 256 with numerous maps. Price 
215. 


RESENTS a method of geographical analysis and interpretation of the ‘primary docu- 
ments’ of British weather, namely the British Daily Weather Reports, and is based on 
part of the first-year course in practical climatology conducted by the authors at the 
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University College of Wales. It is essentially a book for serious study intended primarily 
for geographers. 


KennetH V. Toimann. The Physiology of Forest Trees. The Ronald Press Com- 
pany, New York, 1958. 6xg inches. Pp. 678, illustrated. Price $12. 


HE complete papers presented at the symposium held at the Harvard Forest in 

April 1957 together with a record of the discussions which followed. The whole, 
edited by Professor Thimann assisted by W. B. Critchfield and M. H. Zimmermann, all 
participants in the symposium, forms a most valuable record. An account by S. D. Richard- 
son, who with L. Leyton, T. E. Mittler, and P. F. Wareing, formed the contingent from 
the British Isles, will be found in Forestry, xxxi. 177. 


James Justice. 4 Dissertation on the Culture of Forest Trees, 1759. Bulletin No. 6 
of the Forestry Department, University of Edinburgh, 1959. Pp. 36. Price 
75. 6d. 

USTIFYING republication Professor Anderson writes the following in the Foreword 
J and few will disagree: 

‘In the first place, the dissertation is still of value by reason of its intrinsic merits and of 
its contents of much useful information on several aspects of silviculture and arboriculture, 
which, in these days of complicated research, are apt to be neglected. Secondly, the paper 
has an historical value, because it gives an insight into experimental method in the 18th 
century at a time when foresters were specially interested in tree-planting and in trying out 
introduced species from the Eastern parts of North America. Thirdly, the original publica- 
tion is very scarce and not easy to come by. Lastly, as this is the bi-centenary of its appear- 
ance it seems not inappropriate that the paper should be reproduced in 1959.” 


Joun T. Smitu. Ready Reckoner for Pitprops and Sawn Mining Timber. The 
Home Timber Merchants Association of Scotland, 86 St. Vincent Street, 
Glasgow. 6x10 inches. Pp. 25. Price 5s. 

ABLES are given for the conversion of cubic contents into tonnage for 35 and 45 cubic 
feet to the ton; for the cubic contents of round pit props for top diameters 2 to Io 
inches and lengths from 2 to 14 feet; for the cubic contents of sawn mining timber and for 
the number of pieces per wagon for sizes 3 x 14 inches to 10x § inches. Based on Smith’s 
Pitprop Tables, the Reckoner was reprinted in 1958. The print is clear and the size handy. 


D. R. Dennam, J. F. Q. Swirzer, and O. H. M. Sawyer. Bibliography of Rural 
Land Economy and Landownership 1900-1957. Department of Estate Manage- 
ment: Cambridge University, 1958. 10} 74 inches. Pp. 412. Price 355. 


IMS to include all books, articles, memoranda, and periodicals relating to the British 
Isles together with selected works from the United States and Western Europe pub- 
lished during the period and certain unpublished theses available in university libraries. 
Only incidentally does it cover experimental techniques, economics, marketing or similar 
special subjects. Research needs brought the bibliography into being but it should have 
wider use as a book of reference. It is well produced and simple in design. 








OBITUARY 
A. P. LONG 


ARcHIBALD Percy Lone, C.B.E., one of the pioneers of scientific forestry in Britain, died 
on 7th March 1959, in his enventints year. All those who had known him on so many 
pleasant excursions to the woods, and had enjoyed his energetic leadership as President of 
the Society from 1956 to 1958, will deeply feel this loss. 

The Earl of Radnor, Chairman of the Forestry Commission, contributes the following 
appreciation of Long’s noteworthy career: 

A. P. Long was one of the small band of skilled foresters who embarked, early in this 
century, on the challenging task of reorganizing and extending Britain’s woodlands to fit 
modern needs. He was born at Soham in Cambridgeshire in 1889, and educated at Soham 
Grammar School and Perse School, Cambridge. From there he went to St. John’s College 
at Cambridge University, graduating as a Bachelor of Arts in Natural Sciences in 1910, He 
then took, in succession, the Diploma of Agriculture and the Diploma of Forestry, and 
although he always remained keenly interested in farming, it was to the science of forestry, 
then in its infancy in this country, that he dedicated his working days. 

His first post was as a Lecturer and Advisory Officer on forestry and timber, attached to 
Cambridge University under a scheme whereby the Board of Agriculture then sponsored 
assistance to woodland owners. During the war of 1914-18 he served in the Timber Supplies 
Department of the Board of Trade, rising to the rank of Divisional Officer. He joined the 
Forestry Commission on its formation in 1919, and had charge of Divisions in the North of 
England, East Anglia, and North Wales, being appointed Deputy Surveyor of the Forest 
of Dean in 1937. 

During the Second World War, from 1940 to 1946, when many of his colleagues were 
transferred to timber production duties, Long was in charge of all Forestry Commission 
work in England and Wales, with the rank of Assistant Commissioner. With characteristic 
energy he overcame the difficulties due to a depleted staff and shortages of every kind, 
maintained a limited planting programme, and expanded the forest nurseries in anticipa- 
tion of post-war developments. 

From 1946, until his retirement in 1954, Long held the post of Director of Forestry for 
Wales, with headquarters at Aberystwyth. Within this period of 8 years he doubled the 
extent of the Commission’s Welsh plantations, raising it from 80,000 to 160,000 acres. 
Even more significant, he did much to change the attitude of the public to forestry; when 
he arrived, tree-planting was viewed with suspicion, but by the time he left it was being 
regarded as an essential feature of Welsh rural economy. 

His very wide experience of forests and forestry land in England and Wales made his 
advice particularly valuable, and in the Commission he was frequently referred to for 
information on silvicultural problems. 

On his retirement from government service, Long began practice as a consultant, and 
took a leading part in the formation of a co-operative forestry society in the Chilterns, 
where he had made his home. He also took a prominent part in the Society of Foresters of 
Great Britain, and during his period as its President carried through the involved process 
of redrafting its constitution. In 1955 he successfully led the Society’s first overseas excur- 
sion to the forests of Denmark. 

He is survived by a widow, one son, and grandchildren, to whom sympathy is extended; 
another son was lost during the last war. 
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Everything that A. P. Long did in the cause of forestry was characterized by an infectious 
enthusiasm. He took a very broad view of the forester’s profession, and his interests ex- 
tended to road building, the landscape treatment of motorways, forest villages, and the 
promotion of co-operative efforts among private woodland owners. What is more, he was 
always ready to encourage younger and less experienced men. Not only did he raise among 
us a new generation of trees, but he did his best to foster a rising generation of foresters. 


JAMES FRASER 
Mr. J. A. B. Macdonald writes: 

The north star fell from the firmament of British forestry on the evening of 31st January 
when James Fraser, O.B.E., B.Sc., B.Sc. (For.), until 3 years ago Conservator, North 
(Scotland), died very suddenly at Inverness. A native of Dingwall, he had joined the 
Forestry Commission 36 years ago after service in the Forestry Corps and a short spell as 
Forestry Lecturer in the West of Scotland Agricultural College, to become the Instructor 
at the Commission’s first Scottish Forester Training School at Beaufort. The sound 
foundation he laid there has been evident for many years in the high standard and sterling 
qualities of the foresters turned out. 

To us all, forestry friends from Australia to Scandinavia, north Scotland was synonymous 
with James Fraser. Like the north, he inspired feelings of freshness and romance and of 
considerable remoteness from authority; of sparkling nights of conversation, and of delight- 
ful companionship on long journeys to forests with Gaelic names; of tremendous arguments 
in and about woods; of stories which brought tears of mirth down his cheeks before we had 
quite got the point, and of little evidences of kindly forethought which forged strong 
bonds of friendship. It was, for instance, typical of James Fraser, overworked as he was in 
war-time, to find out one day that a tired colleague had no sleeper for the night train 
south. Failure to secure a single berth would have stymied lesser men, but it only stimulated 
Fraser, and his friend travelled south the sole occupant of an extra car! 

Through James Fraser there darted a puckish sense of fun which endeared him to us all. 
He enjoyed life and was tremendously interested in people. Collecting and repeating 
anecdotes about other characters with idiosyncrasies of their own gave him great delight, 
but the forests came first and neither time nor energy was ever spared, nor was the smallest 
detail overlooked. A staunch supporter of law and order, with integrity and loyalty un- 
questionable, he took delight—within the law—in manceuvring, wangling, employing ruses, 
and in extremis in rapidly drawing red herrings across the trail; a ‘ploy’ was meat and drink 
to him and a score for his employers the highest reward sought. Once, years ago, in Guisa- 
chan Forest the late Chairman suddenly asked why a patch of spruce remained unthinned. 
The amazing exposition of the virtues of non-thinning which followed (either to start an 
argument or by way of a herring) left Robinson unmoved; he simply demanded of me 
‘what do you think of all that?’ My reply, ‘A lot of nonsense’, made Fraser laugh until the 
tears came. Robinson remained unmoved, but he was developing a keen understanding of 
Fraser, and great regard for him which was certainly reciprocated. Even with V.I.P.s his 
methods were seldom conventional. One big day he announced, as he prepared to give some 
statistics to visiting Commissioners—‘These figures are all wrong, so will the Research 
Officer kindly refrain from comment.’ 

A scientist of the old school, Fraser was extremely well equipped and the facts and 
references which would emerge in an evening’s conversation made younger men feel half 
informed. On the other hand, he had a soft side for a bit of devilment in his juniors, and 
the wit with which they scored a point, especially against himself or for the Commission, 
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gave him particular joy. He had a happy home with his wife and two daughters and th 
best of loving attention despite his rather irregular hours of arrival in the evenings—oft, 
with a colleague. His love for children was well known to some. Memories come flooding 
back of him on holiday setting out for the woods with a friend’s baby boy in a rucksack 
or fishing in a tiny burn in the near dark, or of a pike being caught with a piece of hij 
wife’s ham roll as bait. Love and laughter and James Fraser were never far apart. 
There were heavy hearts when we spent his last working day with him among the forests 
he had created in the Black Isle. He was a staunch believer in Scots pine and it was perhaps 
unfair on that occasion to pull his leg on the score of its relative unproductiveness com. 
pared with Douglas fir, but with a meaning glance at naturally regenerating Scots pine 
around us he retorted ‘I’d rather take the Lord’s advice than yours if it comes to the bir’, 
Later that same day someone was unkind enough to point out that in one case at least 
nature was surely a trifle off the beam. His final thrust was, as usual, versatile and original: 
more in sorrow than in anger he said, softly, ‘like yourself, the Lord is sometimes wrong’! 
Six weeks before his death he wrete saying that a brother had died and that a candid 
friend had remarked that the brother had assuredly gone to a place into which James’ 
entry was perhaps problematical. I don’t believe it, and I am happy to say my last letter to 


him was to say just that. What a grand cronie James Fraser will be for those among us who 
can attain the Forestry Valhalla. 


THOMAS THOMSON 
Professor Mobbs writes: 

A very wide circle of friends, to whom he was affectionately known as “Tommy’, have 
felt a great sense of loss at the death of Professor Thomas Thomson on the 2oth February 
1959, within a few weeks of his 79th birthday. 

Professor Thomson spent almost the whole of his life at the University College of 
North Wales, Bangor. He entered as a student in 1907 to study Chemistry, in which he 
obtained first class honours in 1g10. But in the same year he also passed the Forestry 
Applied Science examination, and was so much attracted to forestry that he continued to 
read this under Professor Fraser Story. In 1911 he was awarded a Treasury Postgraduate 
Studentship by the University, which enabled him to spend a year continuing his study of 
forestry in Germany. 

On his return to Bangor in 1912 he was appointed to an assistant lectureship in Forestry 
and for the next few years assisted Professor Story, not only in the training of in-college 
students, but also in advising public bodies, landowners, and others in various parts of 
Wales and the Border Counties on the treatment and development of their woodland areas. 

This prepared him for important work during the First World War. The Forestry depart- 
ment at Bangor was closed from 1916 to 1919, Fraser Story being called to London, while 
Thomson remained in Wales to assist the government departments concerned in securing 
and using supplies of home-grown timber. This extended his knowledge of the Welsh 
countryside and gave to him, originally a Londoner, a valuable insight into the mind of the 
Welsh countryman. 

On its reopening, Thomson was appointed to the charge of the Forestry department at 
Bangor, Fraser Story remaining in London with the Forestry Commission, which had been 
set up in 1919. For many years his position was that of Independent Lecturer, but in 1943 
his work received well-merited recognition when the post was raised to that of a university 
chair, which he held as Professor till his retirement in 1947. 

In his teaching of forestry, Thomson was profoundly influenced by the German tradi- 
tion, and realizing the need for a thorough understanding of the basic principles, both a 
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$ and the [ an academic discipline and as a preparation for the practice of forestry, a need that was not 

35 —often completely satisfied by the various works on Silviculture, Forest Management, and other 

flooding branches of forestry that had appeared both in Britain and America, he published in 1929 

rucksack his translation from the German of the third edition of The Structure and Life of Forest 

ce of his Trees, by Biisgen and Miinch of the Hannoversch-Miinden and Tharandt Forest Schools. 

Later, in 1938, in collaboration with the late M. R. K. Jerram, he published his Outline of 
1 forests Forestry, a useful introduction to the principal branches of the subject—Policy, Bionomics, 

| Perhaps Economics, and Management. 

€ss com. As more direct contributions to forestry in Britain, long before the Forestry Commission 
‘Ots pine started its work, Thomson had charge, under Professor Story, of experimental plantation 
the bir’ work on an upland area in the Ceiriog Valley near Chirk, and on a high level, windswept 
at least area facing the sea at Cors-y-Gedol, near Barmouth. He also carried out research work on 
original; the growth of Douglas fir in North Wales, for which he was awarded the M.Sc. degree of 
vrong’! the University of Wales in 1924. He also carried out valuable work during the Second World 
candid War in operating the State scheme for grants for new planting and the replanting of felled 


James areas, his extensive knowledge of conditions in Wales, his understanding of the Welsh 
letter to countryman, and his sympathetic and sincere personality ensuring success to a very high 
’ us who degree. 


For a number of years Thomson did very useful work as the secretary of the Forestry 
sub-section of the British Association, and his contribution to the internal administration 
of the College, in Senate and Faculty Board, as Dean and as Curator of the grounds, was 
outstanding, his colleagues coming to rely on his long experience and wisdom. 

”, have Thomson was twice married, first to a fellow graduate of the College, Miss Gwen 
>bruary Phillips, eldest daughter of the late Professor R. W. Phillips, the first Professor of Botany 
in the College, and some time after her death, and not long after his retirement, to Miss 
lege of Connie Izard, leader of the College Music Trio. She retired in 1958, and falling ill soon 


rich he after her husband’s death, survived him for only five months. 

orestry 

ued to GERALD TREVOR 

aduate Professor Mobbs writes: 

udy of With the death of Sir Gerald Trevor, C.I.E., on zoth May 1959, the Society has lost one 
of its oldest and most respected fellows. A wide circle of foresters all over the world, 

Drestry especially in India and Britain, mourn his passing, but are happy that it was their privilege 

college to know him, and in many cases also are grateful for the enthusiasm and learning which he 

arts of imparted to them. 

areas, Trevor was educated at Wellington College, whence he went to the R.I.E.C., Cooper’s 


epart- Hill, taking Forestry. He joined the Indian Forest Service as an Assistant Conservator of 
while Forests in 1903, and was posted to the Punjab. There he did very good work, particularly 


“uring on the natural regeneration of deodar and also of spruce and silver fir in the Kulu forests. 
Welsh In 1926 he was appointed Vice-President of the Forest Research Institute at Dehra Dun 
of the and Professor of Forestry for the somewhat short-lived Indian Forest Service course for 


Indian students. Four years later he became the Chief Conservator of Forests, Punjab and 
ent at North-West Frontier Province. 


been His wide knowledge and administrative capacity marked him out for further advance- 
1943 ment and in 1933 he was appointed to the combined office of Inspector-General of Forests, 
ersity Government of India, and President of the Forest Research Institute, Dehra Dun. He: 


represented India at the Empire Forest Conferences in Canada, 1923, Australia and New 
_ Zealand, 1928, and South Africa, 1935. He was made C.I.E. in 1933, and was knighted in 
ted 1937. 


ee 
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On his retirement towards the end of 1937, he settled at his ancestral home, Trawscosj 
Hall, near Welshpool, Montgomeryshire, where he very successfully managed the hom 
farm and owned a prize-winning flock of Kerry Hill sheep. He became a leading membe, 
of the National Farmers’ Union, of the Royal Welsh Agricultural Society, and of th. 
Country Landowners’ Association. He served as High Sheriff of Montgomeryshire, and fo; 
17 years was an active Justice of the Peace at Welshpool. 

His woodlands at Trawscoed, originally some 140 acres, and since increased, were very 
varied, including mainly oak, ash, and conifers. These he very considerably improved during 
the past 20 years. He had his own plan of operations and maintained careful records. Later 
a proper working plan, based on his clearly declared objects of management, was prepared 
for his woods by the Department of Forestry of the University College of North Wales, 
Bangor. He always welcomed the Bangor forestry students to his woods, taking them round 
himself and allowing them to do practical work; and on more than one occasion he lectured 
to their Forestry Society. He always strove to obtain natural regeneration in his woods, 
but had to admit that in British conditions this was not always possible, and latterly came 
to rely more and more on planting. 

Sir Gerald was very hospitable and a pleasant evening could always be spent with him 
round the fireside, whether listening to his reminiscences of India or of the Empire Forestry 
Conferences, or discussing modern problems, and whether the subject were forestry, agri- 
culture, or something quite different, such as the history of Wales or Islam and the Koran, 
on both of which he was very knowledgeable. 

He had little patience with inefficiency, slackness, or duplicity, but was always ready to 
recognize good work and honest endeavour. His long and wide experience tended to make 
him on occasion somewhat dogmatic, but to the end he was always ready to learn as also to 
teach; he sometimes had a bark, but never a bite, and he had a heart of gold. The writer, 
who served under him as a junior officer in the early twenties, is only one among many who 

owe much to his early instruction and wise counsel, and in later life to his encouragement, 
appreciation, and friendship. 
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Lewington, W.FR., Forester. 
Locker, F. A., Forest Manager. 


Macgregor, Neil, Head Forester. 
Mackay, W. H., State Forester. 
MacKenzie, A. M., F.C. 
McNaught, D. J., F.C. 

Macrae, A. D., Head Forester. 
Marriner, E. W., Head Forester. 
Milnes, Mervyn, F.C. 

Mould, A. G., Technical Assistant. 
Mowat, William, Head Forester. 
Muggleton, H. G., F.C. 

Murdoch, R. K., F.C. 

Murray, R. G., Forester. 


Newton, Arthur, Head Forester. 
Nimmo, Maurice, F.C. 


Oliver, J. C. C., Forester. 


Paley, James, Student. 
Parkinson, Jack, Forester. 
Pashley, Frank, Head Forester. 
Pyman, A. G., Forester. 


Reed, G. W., Forester, Alberta Govt. 
Robinson, D. A., F.C. 

Roe, John, Head Forester. 

Roe, W. T., F.C. 

Ross, Duncan, Head Forester. 
Rowland, John, Head Forester. 


LIST OF MEMBERS 


Saxton, P. R., Joiner. 

Scarratt, John B., Student. 
Scruton, R., Assistant Forester. 
Shepherd, W. R., Consultant. 
Shepley, Alan V., Student. 
Sinden, J. A., Student. 

Small, J. R. M. 

Spiers, D. R., Head Forester. 
Stephenson, Francis, F.C. 
Stewart, A. G., Forester. 
Stone, P. L., Assistant Forester. 
Stott, W. S., Forester. 
Straughan, J. G., F.C. 


Taylor, C. E., F.C. 
Tugwell, D. G., F.C. 


Udale, J. C., Nurseryman. 
Usher, G. A., Head Forester. 


Walker, D. H. J. 

Walker, I., F.C. 

Ward, M. H. P., Forester. 
Warren, D., Head Forester. 
Watson, J. D., F.C. 

Watson, R.M., Head Forester. 
Westall, A. W., F.C. 
Wheeler, R. T., F.C. 
Wilkinson, £. J. D., Forester. 
Williams, Owen. 

Wood, J. A., Forestry Student. 
Wright, D. C., Forester. 


ORDINARY MEMBERS 


Adams, Capt. E. W. 


Bacon, Sir Edmund C., Bt. 

Balfour, A. N. 

Bowser, Major D. C., of Argaty. 
Bradford, The Earl of. 

Brodie, Major D. J., of Lethen. 
Brownlie, Alex., Timber Merchant. 
Brunig, Dr. E. F. W. O. 

Buccleuch, The Duke of. 

Budden, C. E., Wood Buyer. 


Calder, Sir James C., of Ledlanet. 

Campbell, Sir George, Bt., of Succoth. 
Cawdor, The Earl. 

Clegg, J. C. 

Conservator of Forests, Tanganyika. 

Cotterell, Sir Richard C. G., Bt., of Garnons. 


Dundee, The Earl of. 


Eade, Charles A., Land Agent. 
Edwards, J. K. 

Elmhirst, L. K., of Dartington. 

Emlyn, Viscount, Landowner. 

Evans, Major J. D. D., of Ffrwdgrech. 


Forestry Commissioners. 
Frost, Finn, Newfoundland. 


Garside, G. H., Director of Parks. 
Gilmour, Sir John E., Bt., of Montrave. 





Gladstone, John, of Capenoch. 


Hills, A. L. F., of Redleaf. 

Hitch, A. F., Land Agent and Surveyor. 
Hoare, H. P. R., of Stourton. 
Holbrow, W. G., Timber Merchant. 
Hudson, R. H. 


Institute and College of Forest Research, India. 


Jacob, G. R., Timber Merchant. 
Jedrosz, W. A. 
Jorgensen, O. M., Denmark. 


Kenworthy, Alan, P.F.O. 
Kirkup, Austin, Timber Merchant. 


Latham, E. B., Forestry Commissioner. 
Laws, G. C., Chartered Land Agent. 

Lee, O. S., Estate Manager. 

Lewthwaite, Sir William A., Bt., Solicitor. 
Longhurst, S. C., Timber Merchant. 
Luttrell, G. F., of Dunster. 


Macdonald, I. C., Land Agent. 
Macdonald Lockhart, S. F., of the Lee. 
McGeorge, T. H., F.C. 

McLinden, Derek, Nyasaland. 
Macqueen, G. C. F., Timber Merchant. 
Maxwell, Col. A. T., Forestry Owner. 
Meynell, R. W., of Berry Hall. 
Mildmay-White, J., Land Agent. 
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Ministry of Agriculture, N. Ireland. 
Mitchell, Lt.-Col. C. H., of Pallinsburn. 
Mitchinson, Miss I. 

Moore, Barrington. 

Moulton, H. W., J.P., Norfolk. 


Owen, Major A. L. O., F.C. 


Palmer, G. E. H., of Priors Court. 
Proby, Major Sir Richard, Bt., of Elton Hall. 


Quistgaard, Paul E. V., Skovrider, Denmark. 


Radnor, Wm. Earl of, F.C. 
Ramsay, Capt. A., Land Agent. 
Rankin, K.N., C.A. 

Riddoch, W. J., Timber Merchant. 


Sadd, H. N., Timber Merchant. 
Seymour, Major W. N., Estate Agent. 
Shackleton, J. F., Manager. 

Shepherd, W. J. 

Smith, H. J. F., National Trust. 
Smith, J. T., Timber Merchant. 


LIST OF MEMBERS 


Soffe, A. C., S. Rhodesia. 

Steele, J., F.C. 

Stirling, Sir John, Kt.,'of Fairburn. 

Stirling, Col. W. J., of Keir. 

Strang Steel, Major F . W., of Ravensheugh. 
Strang Steel, Sir Samuel, Bt., of Philiphaugh. 
Stucley, Sir Dennis, Bt., Landowner. 


Trevelyan, J. T., J.P., of Longwitton Hall. 
Tritton, P. A., Woodland Owner. 


Vane, W. M. F. 


Warriner, M. H., Skilled Supervisor. 

Wellesley, Miss M., Woodland Owner. 

Wills, Capt. W. D. M., of Barley Wood. 

Wilson, R. F., Timber Merchant. 

Wolryche-Whitmore, Capt. G. C., of Dudmaston 
Hall. 

Workman, F. E. 


Yerburgh, J. M. A. 





The list has been compiled from the information available in the Society’s records. Where no descriptive 
initials are given, this is due to lack of information, and members affected are asked to send the appropriate 
details to the Secretary. Members are asked to notify any changes of address, description, &c., as soon as they 
occur, so that the records may be kept up to date. 


COVENANTS 


The Council appeals to all members who are eligible to enter into a Covenant. A Cove- 
nant binds the member to pay annually for seven years (or until death if earlier) such sum 
as, after deduction of tax at the standard rate, leaves the amount due as his subscription. 
The Inland Revenue pays the tax to the Society and the amount paid by the member 
remains unaltered. 

A member claiming tax relief under Section 16 of the Finance Act could not of course 
enter into a Covenant. As the amount saved by the individual under Section 16 is small 
and the potential aggregate benefit to the Society under Covenants considerable, the 
Council appeals to members to forgo the benefit under Section 16 and enter into Cove- 
nants instead. 

The Secretary will be glad to send a draft Covenant to any member willing to enter 
into one. 


HONOURS 
Members whose names appear in the Birthday Honours List, 1959, include the following: 
C.B.E. Professor H. M. Steven, Professor of Forestry, University of Aberdeen. 
O.B.E. Langshaw Rowland, President, the Royal Forestry Society of England and Wales. 
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BEDFORD GHAI 
SAW FILES 


* faster 
* smoother 







* longer life 


Tested and approved on U.S.A. 
and Canadian machines. Made 
in #4” to }” diameters and 


6” and 8” flat patterns. 
available in 


B t DE 0 4 D «: this country 


JOHN BEDFORD & SONS LTD LION WORKS SHEFFIELD 
(1 front] 


































ere It 1s! / 


THE BEST DIRECT DRIVE 


CHAIN SAW IN THE WORLD 


on the timber. 


Danarm Saws are British—no spares problem! 
J. Clubley Armstrong Danarm Ltd., Abford House, Wilton Rd., London, 





[2] 


KA 


BUSHWAK 


Free details on request 





The general purpose 
scrub and rough 
clearing 
machine 






For 
*%& Weeds 
* Grass 
%*% Bracken 
%* Heather 
%*& Gorse 
%* Thorn 
Bushes 


¥*& Saplings 


Agency enquiries invited 


FARMFITTERS LTD. 


GERRARDS CROSS, BUCKS., ENGLAND 


Here it is, the perfected Direct Drive Saw. No gearbox—less 
weight—tremendous cutting speed with power to spare from 
the special Villiers 8F engine and an ability to be used at any 
angle due to the special diaphragm 
carburettor. These are only a few of 
the features of this amazing new saw. 
It is so powerful that no pressure 
whatsoever is required, the saw just 
sinks through the wood—cuts up to 15 
Square inches per second depending 
Ask for leaflet DI|5 


Remember to buy Danarm chain saw files 


Danarm DIRECT DRIVE SAW 


MK Ii 


S.W.1 
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THE 
COMMONWEALTH FORESTRY BUREAU 
OXFORD, ENGLAND 


This branch of the Commonwealth Agricultural Bureaux, set 
up by the Governments of the British Commonwealth, operates 
as a centre for the collection and dissemination of information 
on forestry—not only forest botany and ecology, silviculture, 
protection, survey and management, but also logging and 
utilization, economics, administration, policy and influences. 


FORESTRY ABSTRACTS 


These survey current world literature on forestry every three months, 
abstracting regularly from over 550 periodicals and more than 700 serial 
publications, bulletins, &c., as well as a large number of miscellaneous 
and irregular publications. Literature in about 30 languages is dealt with. 
Each issue normally includes a comprehensive review of the literature on 
some particular subject and news items from all over the world. Annual 
subscription, for the four numbers of a volume (plus annual index), is 
70s. post free, payable in sterling or dollars. 


Guide to the use of Forestry Abstracts 


An essential adjunct to the Abstracts, with a key to the full names and 
addresses of publications noticed and many other aids. A second edition 
revised and enlarged, in 4 languages. Price tos. 


The Oxford System of Decimal Classification 
for Forestry 
The definitive English text as approved by the International Union of 


Forest Research Organizations and FAO for adoption by member countries. 
Price 10s. (erdinary), 12s. 6d. (interleaved). 


Occasional Publications and Reprints of Review 
Articles 


List on request direct from 


COMMONWEALTH AGRICULTURAL BUREAUX, 
CENTRAL SALES BRANCH, 
FARNHAM ROYAL, BUCKS., ENGLAND 


to whom all correspondence regarding publications should be addressed. 
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Rshieney or mobile, 
with electric, diesel or 
belt-drive, Cundey de. 
barking machines can 
tackle any job efficiently 
and economically. At 
home anywhere from the 
forest to yard, the Cundey 
machine is the first in its 
field. 


THE GUNDEY _ve-barnine ony 
7) table 
really Adaptable, 


@ Will handle all conditions of 
timber, dry or green, rough or 
smooth, thick or thin bark. 








@ Takes bent timber better than 
any other machine. 


@ The feed roller cuts the tim- 
ber up to the cutters, rotates 
and moves endways. 


@ The adjustable feed roller is 
moved vertically by a simple 
hand lever, enabling timber 
from 2 in. to 10 in. diameter to 
be operated on, also spreading 
the wear over the whole width 
of the knives. 


@ Outside support wheels avail- 
able as an optional extra for 
use on over 4 ft. diameter. 








Stationary 
c v NDEYS LIMITED Bieeg 
LES DEPT. ALFRETON, DERBYSHIRE | WRITE FOR 
FULL DETAILS 
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GLENBOIG 








WASHED AND 
GRADED SANDS 
For Horticultural Purposes 


GRADED FIRECLAY GROG 


SALT GLAZED (VITREOUS) 
ENAMELLED FIRECLAY PIPES 
AND CONNECTIONS 


FIRECLAY GOODS 
of every description 


GLENBOIG 


Sales Office: 
THE GLENBOIG UNION FIRE CLAY CO. LTD. 
GLENBOIG - LANARKSHIRE - SCOTLAND 





A BRANCH OF 
GENERAL REFRACTORIES LTD - 5 SOMERSET PLACE - GLASGOW C.2 
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HARDY FOREST TREES FROM THE 
NORTH EAST COAST 


Forest Tree Transplants and Seedlings; Hedging 
Plants; Standard Trees, Roses, and Shrubs 


Specialists in Canker-Resistant Poplars 


Agents for McConnel Mobile Safety Saws; Avon 
Portable Power Saws; and Jalo Hoes 


Please write for Catalogue 


GOWANS, MITCHINSON & LAMBERT, LTD. 
(FOREST SERVICES) 
Nurserymen, Forestry Contractors and Land Agents 
41 BONDGATE HILL, ALNWICK, NORTHUMBERLAND 
Telephone: ALNWICK 2321 





RELASCOPE ALTIMETER ‘HAGA’ 


For easy 
Measuring of 
BASAL AREA 
in 

SQ. FT./ACRE 
DIAMETERS 
OF TREES 
BETWEEN 

0 and 48 inches 
AT ANY 
HEIGHT. 


This 
Instrument 
has many 
more useful 
applications. 





Aim at the treetop and read the height on the 
scale. Errors eliminated. 


Used by the Forestry Commission and 
Write for particulars to: the Crown Agents for the Colonies 


HILANG (F) 


78 LINDSAY DRIVE, KENTON, Harrow, Middlesex 
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BUSH 
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forestr} 
world r 
of fine 
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forests 
the re 
Special 
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* Blade 
* Cross 
* Hand 
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* Saw § 
* Fellix 
* Bark 
* Fores 
* Plant 
* Plant 
* Liftiz 
* Axes. 
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— famous Swedish tools 


BUSHMAN —the name re- 
nowned for logging saws and 
forestry tools — specialists and 
world renowned for the production 
of fine tools made from highest 
grade Swedish Steel by expert 
craftsmen. Designed for use in 
forests by those who understand 
the requirements of Foresters. 
Specialities include :— 

* Bow Saws—fixed and adjustable. 

* Blades for Bow Saws. 

* Cross Cut Saws. 

* Hand Saws. 

* Praning Saws. 

* Saw Sets. 

+ Felling Wedges. 

* Barking Irons. 


* Forest Hoes. 


=> 





* Planting Bars. 
* Planting Borers. 
% Lifting Tongs. 

® Axes, 











































* 
The famous BuUsH- 
MAN BOW SAWsS— 
the original «nd 
still the best. Also 
illustrated are the 
FORESTRY HOE 
and SCARIFIER 
LIFTING TONGS 
BARKING IRON 

















The complete range of Bushman saws and forestry tools is so vast that we are unable to 
show them all, so write now for details of all Bushman tools 


W* 4 MEVER Ef 


9-11 GLENELDON ROAD, LONDON, S.W. 16 











e Zaldecide provides a new and 
ZALDECIDE gives soviet: sve: cy 

. ° met with by the Public Health 
effective protection 22 2: Gams se 
for buildings and land cosomica'in wc, oa 


and no skilled operator is required, 











Zaldecide D is recommended 
for infested woodland marsh 
and scrub areas, where its 
contact and residual effect 
against mosquitoes, midges 
etc. in dry or damp conditions 
is extremely powerful. 


























Zaldecide M is most effec- 
tively used in hospitals, shops, 
canteens, food stores and all 
buildings where there are 
signs of infestation by insect 
pests. It is also used on refuse 
tips, against flies, crickets and 
slaters. 


NEWTON CHAMBERS AND COMPANY LIMITED . THORNCLIFFE . sHErnE)| ET 
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THE NATIVE PINEWOODS 
OF SCOTLAND 


H. M. Steven and A. Carlisle 


‘The authors, both members of the Forestry Department in the 
University of Aberdeen, are well qualified to produce this book for 
specialists about the remaining natural woodlands of Britain’s only 
forest conifer, the Scots pine. First, the geological history, the impact 
of man, and the general ecology of these pinewoods with some notes 
on the fauna are discussed. Then, the major part of the work consists 
of extremely valuable documentation for each forest (illustrated by 
photographs and excellent maps) of: the history, climate, topography, 
geology and soils, botanical composition, age structure, growth and 
stocking, fauna and natural regeneration. Finally, there are chapters 
on the morphological variants of the Scots pine.’ British Book News 


63s. 





OLIVER AND BOYD 
Tweeddale Court, Edinburgh 1 








PRESSURE 
AND STEEPING 
PLANTS 
IN ALL SIZES 


* 


FOR ESTATE 
AND 
COMMERCIAL 
PURPOSES 


* 


Pressure-type timber 
impregnating plant 
3ft. x 20ft. long 


PRATCHITT BROTHERS LIMITED 
ENGINEERS ’Phone: CARLISLE 24205/6 CARLISLE 


BPIO 
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ESTABLISHED 1841 


A.G.& W. J. RIDDOCH 


TIMBER MERCHANTS 
ROTHIEMAY 
BANFFSHIRE 


All classes of Home Timber bought and sold 


Telephone: ROTHIEMAY 261, 262 Telegrams: RIDDOCHS, ROTHIEMAY, BANFFS. 











‘THE WIZARD’ 


A COMPLETE 








KNAPSACK FIRE PUMP FIRE FIGHTING Bo 
a we APPLIANCE a 
be supp 
Sandvil 
Used extensively for Peg or | 
dealing with forest fires BON 
in this country and Ther 
Bow S: 
many parts of the Point’ J 
world. descrip 
Easily filled from any Cre 
water supply, easily P.- 
carried and easily ened ¢ 
4ft. to 
operated. 
4 GALLON CAPACITY Write for particulars to: 





Ss. F. ROBERTS LTD. 
214 PUTNEY BRIDGE ROAD, LONDON, S.W. 15 a 
Telephone: PUTney 4541/2 ‘Telegrams: Naelbor-Put SAND 
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all over the 





world 


TRUST 






Bow Saws 
These grade Bow Saws have lightweight oval 
R ~ ~ the larger sises can sieo 


adjustabie. Sess 24 00°48 ins Ask for 
sede Bow Seas Nos. 8 19 or 25. Available with 
Peg or Raker toothed blades. 


Pinished Products Dirision 
MNDVIK SWEDISH STEELS LTD. | aun sem, tee simmincnan 


Telephone: Hiclesowes 2121 (7 tenes 




















For Wood Preserving 


CREOSOTE OIL 


after 100 years still gives 


maximum life at minimum cost 


SCOTTISH TAR DISTILLERS LTD. 
FALKIRK 


Telephone: FALKIRK 1510 (5 lines) 
Telegrams: ROSS, FALKIRK 


Works: FALKIRK, IRVINE, PAISLEY & MARYHILL (GLASGOW) 
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Modern methods of chemical weeding greatly simplify and 
reduce the cost of maintaining clean nurseries and wood- 
tands. SHELL W can be applied six to eight times faster 


than flame-gunning, at about one-twentieth the cost of 


hand-weeding, without disturbance to soil or damage to 
seedlings. It can be applied for only £10-£15 per acre. Pre- 
emergence weed control can be given to all species of 
forest trees. Pinus can be sprayed post-emergence, just 
before the testas are shed, or later when the needles have 
hardened again. Other species may be treated by different 
techniques. 

For the control of brambles, briars, etc., and the 
economic clearance of scrubland and rabbit cover, SHELL 
BRUSH KILLER is highly effective and convenient. This 
non-poisonous herbicide based on 2,4-D plus 2,4,5 T, also 
controls all perennial weeds susceptible to 2,4-D. 


SHELL CHEMICALS 


For full details, free technical advice and supplies, get in touch 
with your local Shell Chemicals Distributor. He will help you in 
every way possible. 


Shell Chemical Company Limited 
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STA 


REGIST 


SuRvEYING & DRAWING 






THE FULLER 
CALCULATOR 


For multiplication — division — proportion 
percentages—Logs—Roots 


ACCURACY | -10,000 


Does the work of a calculating 
machine at a fraction of the cost 


Theodolites, Levels, Planimeters, Drawing Instru- 
ments, Drafting Machines—in fact, everything 
which the Draughtsman and Surveyor require 
for precision work—are included in the Stanley 
range. Each instrument has the highest 


standards of Accuracy, Quality and Finish. 


(Write for descriptive leaflets F. XXIV) 
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NEW ELTHAM 


TELEP, 
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am LIMITED 


-‘ LONDON : S.E9 


HONE : ELTHAM 3836 
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~- FORESTRY COMMISSION _ 
PUBLICATIONS 


RECENT ISSUES AND RE-ISSUES 


Priced Publications obtainable from H.M. Stationery Office, York House, Kings- 
way, London, W.C.2; 13a Castle Street, Edinburgh 2, or through booksellers. 


Reports 
Annual Report, September 1958 5s. (5s. 5d.) 
Report on Forest Research, March 1958 9s. 6d. (10s. 1d.) 
Report of the Forest of Dean Committee, 1958 8s. (8s. 5d.) 
Small Pulp Mill Survey: Economic Study 4s. (4s. 5d.) 
Bulletins 
No. 14. Forestry Practice. 7th Edition 1958. A handbook 
for the use of landowners, agents, and foresters 5s. 6d. (6s.) 
No. 31. Code of Sample Plot Procedure 15s. (15s. 7d.) 


Guide Book 
THE BORDER. The romantic Borderland of Scotland and 
England. (Roxburgh, Cumberland, Northumberland) 5s. (5s. 6d.) 
UNPRICED PUBLICATIONS 
Grants for Woodland Owners 
Forestry in England 
Forestry in Scotland 
Britain’s New Forests 
Starting a School Forest 
Forestry and the Town School 
The unpriced items listed above are not available from H.M. Stationery Office, 


but will be sent free of charge from the Secretary, Forestry Commission, 25 
Savile Row, London, W. 1, who will also supply a full Publications List No. 31. 
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BEST PRICES OFFERED 


SOUND CLEAN BUTTS 
Wainut, Sycamore 
Oak, Wych Elim 


other Hardwoods 









PROMPT INSPECTION 





















Full details to: 


‘THE TIMES’ VENEER 


LTD. 
GOODWIN ROAD, 
EDMONTON, LONDON, N.9 


co. 


Phone: ams : 
Edmonton 6311 (3 lines) Veneerwarf, Southtot 








Grams: 


aba 














FORESTRY INSTRUMENTS & TOOLS 





PRESSLER BORERS 








a) 

= We are sole Agents for WE SPECIALIZE IN * 

UJ = Mattson’s original Increment Tree Calipers, Diameter and m 

—1 Borers made from the finest Quarter-Girth Tapes, Acre a5 

Q- —_ tempered Swedish Steel. Grids, Hypsometers, Blume- 

= Leiss, Haga, and Relascope, () 

Prices from £3. 10. 0. Case and nae Gauges, _ > 

W) ~=s accessories extra if needed. ——— oe oe 86 

Deli f Stock. Al Levels, &c., Telescopes, Field aa 

- ae a a. ee Glasses, Micrescopes and Mag- "99 

= Timber Scribe with Hand- nifiers. Scales and Rules,Land FR 

© guard, Q.G. Calipers, and Chains, Soil Samplers and gg 

WwW Bark-thick Gauge, &c. < Augers. Ww 
Write for particulars ‘F’ 

j. H. STEWARD LTD. 
Contractors to Forestry Commission 

Established 406 STRAND, LONDON, W.C.2 Telephone 

(Nearly opposite Savoy Hote!) TEM. 1867 
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t. FORESTRY COMMISSION 3 
PUBLICATIONS 


Just Issued 
Board Mill Survey 5s. (5s. 6d.) 
Cambrian Guide 5s. (5s. 6d.) 


From H.M. Stationery Office, York House, Kingsway, London, W.C. 2, 
or through any bookseller 


Recently Revised 


GRANTS FOR WOODLAND OWNERS 


Obtainable free and post free from the Secretary, Forestry Commission, 
25 Savile Row, London, W.C. 2, or from any Office of the Commission. 

















SCOTTISH WOODLAND OWNERS 
ASSOCIATION 


8 Stafford Street, Edinburgh 3 and branches 
Tel. No. CALedonian 1905 


S.W.O.A. was formed in 1959 as a direct result of one of the recom- 
mendations of the Watson Report on the Marketing of Woodland 
Produce. Its objects are to represent the interests of woodland owners, 
to make them aware of their forestry interests and of the financial, 
technical and marketing assistance available, and to build up 
information on the costs of forestry operations and on supplies of 
timber available in the future for the purpose of promoting a vigorous 
timber growing industry in Scotland and of encouraging the establish- 
ment of industries which can absorb its output at a price which will 
give a fair return to growers. 

S.W.O.A. can provide professional advice, labour and equipment, 
either directly or by contract, and organize assistance where needed, to 
ensure efficient woodland management and the preparation of timber 
and other forest produce for marketing. It can also market and sell 
this produce. 

S.W.O.A. has regional branches in Edinburgh, Perthshire, Aber- 
deenshire, Inverness, and Kirkcudbrightshire. Full details available 
from the Secretary. 
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DENDROMETER 


(8-inch Base) 


for measuring Trunk-widths and 
Heights of Standing Trees 


The instrument is designed to measure by optical 
means from ground level the trunk-widths of stand- 
ing trees at varying heights. From these observations, 
and in conjunction with tables supplied, rapid 
assessment of volume can be made. 
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